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ABSTRACT
A thermal analysis method is developed to study 
the influence of various processing variables such as 
metal chemistry, inoculation procedure, pouring tempera­
ture, solidification rate, etc. on extent of carbon 
macrosegregation in commercially produced nodular cast 
iron. The processing variables directly affect solidi­
fication mechanisms, and thus carbon macrosegregation.
The procedure for evaluating the solidification 
history of the sample ingot involves:
1) Pouring the metal sample into a measuring cup 
equipped with a sensitive thermocouple, and 
recording the cooling curve during solidifi­
cation of the sample ingot..
2) Sectioning the sample ingot, performing a 
chemical analysis (spectroscopically), and 
examining metallographicallv the ingot 
structure.
3) Determining the parameters for fitting a 
fundamentally derived equation to the cooling 
curve and relating the values of the parameters 
to carbon macrosegregation tendency.
A special mathematical procedure and computer pro­
gram is developed for translating the temperature-time 
data obtained into sets of solidification parameters. The 
thermal analysis method, when combined with the chemical 
analysis, successfully predicts carbon macrosegregation 
tendency in commercial nodular cast irons.
i  v
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CHAPTER 1. 
Introduction
This study is undertaken to identify the effect of
processing variables on carbon macrosegregation in commerci­
ally produced nodular cast irons. Carbon macrosegregation 
in its severest form is commonly referred to as carbon 
flotation. A thermal analysis method is developed which 
gives reliable predictions on the influence of various pro- 
cessing variables on carbon macrosegregation.
The principal•processing variables are metal chemistry
pouring temperature, magnesium nodularization treatment, 
inoculation treatment,•and holding time of the treated metal 
(1,2). The heavy production schedules in nodular^cast iron 
foundry practice require tight control of the variables 
and the maintenance of the prescribed pouring sprecificiations 
if maximum efficiency and product quality are to be achieved. 
The usual foundry practice for continuous production of 
nodular cast iron consists of the following:
(1) base metal transfer from a basic slag-cupola
into an electric arc holding furnace or a gas
preheated foreheartfi;
(2) transfer (when required) of the base metal from
the holding furnace or forehearth into a treat­
ment ladle containing magnesium nodularization
r
alloy and other required ferroalloys;
(3) transfer of the treated metal into pouring
1
with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
2 /
ladles during which inoculation with ferrosilicon 
^ is;-performed;
\^J[4) pouring the inoculated metal into moulds.
An efficient and reliable melting operation is essen­
tial in maintaining stable*metal chemistry and temperature. 
This, however, is not always realized, and metal^chemistry 
fluctuations beyond acceptable limits occasionally occur.
Since the metal chemistry specifications are quite stringent 
(e.g., final carbon corytent'is to be held within a 0.30% 
range*),-any deviation outside of the prescribed limits
results in most instances in costly production downtime and
“ /-1-' scrap; the latter frequently the result of severe carbon^
flotation. However, in somd'"ij?(stances, castings poured using 
metal outside the prescribed chemistry limits do not show a 
significant amount of carbon flotation as might be expected, 
and thus additional data are required if more reliable 
processing specifications are to be established. It may be 
possible to accept carbon levels (or carbon equivalents) 
outside specified limits by adjusting other processing 
variables in compensation, which would be of considerable 
economic benefit to foundry operations. This requires a 
more comprehensive analysis of the processing variables,
and thermal history of the metal during solidification appears
f  'tcTTTbve this comprehensiveness.
In this investigation a method is developed for pre­
dicting carbon macrosegregation from an analysis of cooling
* All concentrations in weight percent.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
curves. The metal samples for this purpose Were taken 
immediately before the metal was poured into moulds, and thus 
all the processing variables (together with other intrinsic 
characteristics of the metal not norm monitored’in con­
ventional control practices) contribute to determining the 
cooling cu^ve and thus the solidification parameters used 
in the analysis.
Since the net effect of processing variables on carbon 
macrosegregation is indirectly related to the temperature vs. 
time values of the cooling curve, the design of a simple 
analytical method based on the cooling curve, combined with 
digital processor, would provide a powerful tool for control-' 
ling process parameters for production of castings if rapidity 
and relative accuracy in predicting the macrosegregation 
tendency in nodular cast iron castings could be demonstrated.





Carbon flotation frequently occurs in heavy sections 
of nodular iron castings of hypereut'ectic compositions, i.e., 
where cooling and solidification rates are generally'slow.
The flotation effect is usuall^ observed as a loosely packed, 
relatively thick layer of graphite nodules at the cope (upper) 
surface of castings, which greatly reduces surface quality.
The thickness of the segregated’" layer depends on metal chem­
istry, pouring temperature, solidification mechanism, cooling 
rates, etc., and in extreme cases reaches several millimeters 
in depth (1,3).
9
Carbon macrosegregation, which is incipient carbon 
flotation, originates in the melt (4). The decrease in 
interfacial energy is the driving force for carbon macro- 
segregation, and results in clustering of the graphite 
nodules. The subsequent carbon flotation is due to"the low 
density of the free graphite compared to that of the sur­
rounding liquid iron. During solidification of hypereutectic 
nodular iron, graphite nodules are first precipitated and
\grow until sufficiently large to overcome the viscous forces, 
whereupon they rise in the liquid giving the segregated 
regions (4,5). As solidification progresses, and subsequent 
eutectic solidification takes place, the newly precipitated 
(eutectic stage) nodules, together with some of the nodules
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
precipitated earlier, become entrapped by growing austenite 
dendrites, thereby preventing flotation (6,7). Thus, carbon 
macrosegregation is an early solidification period phenomenon. 
Also, since the number of nodules progressively increases 
with the increase in the carbon equivalent level (carbon plus^ 
one third silicon content), a severe graphite nodule agglom­
eration will occur in extremely high carbon equivalent irons. 
The so-called kish carbon is the most severe form of graphite 
agglomeration.
Magnesium is the element in the nodularization alloy 
which is primarily responsible for initial nucleation of the 
graphite nodules, but cerium.and other rare earth metals 
usually contained in some nodularization alloys also decrease 
the flotation tendency through an increase in the nucleation 
rate (8-11). The increased nucleation rate results in, a
greater number of nodules/of decreased size, and thus the
/
viscous force may be sufficient to overcome the buoyancy 
force to prevent or significantly retard graphite flotation. 
The degree of graphite^flotation can also be controlled to 
some ext'ant by adjusting the amount and grade of ferrosilicon 
inoculant used. The function of the inoculant is to enhance 
the graphite nodule nucleation, and such elements as aluminum, 
calcium, and strontium normally present in ferrosilicon ino­
culant significantly improve the effectiveness of the inocu­
lant (8,12-14). In general, faster cooling rates are 
preferred since less time is available for growth and flota­
tion of nodules. The cooling rates are directly affected
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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by casting size and mould material. A significant reduction 
in flotation zone depth can also be achieved by maintaining 
lower"pouring temperature (4)1
2.2 Thermal Analysis Method
Thermal or cooling curve analysis of nodular cast iron 
has been extensively reported in the literature in recent 
years. Although there is some disagreement and controversy, 
it is evident from the studies reported that the shape of 
the cooling curves is primarily dependent on the solidification 
mechanisms, which in turn is dependent on metal chemistry and 
to a lesser extent on nodularization and inoculation treat­
ment (4,15,17,18). Since it is not practicable to incorporate 
a comprehensive chemical analysis into a quick routine quality 
test during production, the goal of various- investigators 
has been to develop a thermal analysis method which proves to 
be an adequate and effective substitute.
In conventional practice cooling curves are obtained 
by recording the temperature vs. time variations during 
cooling and solidification of a liquid metal specimen. The 
temperature variations are monitored by a sensitive thermo­
couple suitably located in a specimen receptacle, and traced 
on a strip, chart recorder. The design of the receptacle 
allows for either vertical or horizontal positioning of the 
thermocouple, and depending on sampling device and purpose, 
sample receptacles can be filled by pouring metal into it or
p.
by immersing the entire sampler in the molten metal (15-17,19).
Features of the cooling curves, such as variations in
*
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7
slopes, thermal arrests, undercooling, and recalescence, can 
be associated with the initial precipitation of proeutectic 
graphite, the start and end of the eutectic solidification 
stage, and other solid state phase transformations, which in 
turn can be related to the metal chemistry, general as-cast 
matrix structure, graphite morphology, nodule distribution 
and count, and carbide formation (17). Due to this fact the 
thermal analysis method has become in recent years an essen­
tial part of the cast iron process and quality control.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
CHAPTER 3 
Experimental Procedure
The sampling device used in this study consisted of a 
conventional foundry carbon equivalent measuring cup and a 
cooling curve (strip chart) recorder. The measuring cup is . 
a commercial type, shell-moulded sand cup containing an 
'axially positioned chrome 1-alumel thermocouple* The thermo­
couple is enclosed in a protective ceramic tube, with only 
the thermocouple tip exposed to the liquid metal. The 
interior surface of the cup, along with the ceramic tubapand 
thermocouple tip, are coated with ceramic wash for additional 
protection. The measuring cup is mounted on a suitable 
holder, and its terminals are connected through the holder to 
the strip chart recorder (19). A schematic representation of 
the measuring cup and thermocouple is shown in Figure 1.
All nodular iron samples for this study were taken j p
I .v *■from regular production runs immediately prior to pouring./ 
into moulds. They were either extracted from pouring ladles 
using a dipping spoon, or ̂ taken directly from the metal 
stream during’ pouring (teapot-type spout ladles) of the metal 
into the moulds. The dipping (sampling) spoon holds approxi­
mately 5 kg. of metal. It is made of mild carbon steel, with
t
. 9
the interior and exterior surface coated with a clay wash for 
protection.
Samples taken from the liquid metal were quickly poured 
into the measuring cup to minimize temperature losses. Soli­
dification of the melt sample was generally completed within
* Accuracy +-2.2°F § 2012°F
8
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t h e r m o c o u p l e
c o n t a c t s
Figure 1 Section of the measuring cup with axial 
thermocouple.
tf ■
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10
three to fo^r minutes after pouring into the measuring cup. 
The ingot sample dimensions are approximately 35 mm dia. x 
47 mm length, giving a weight.of approximately 350 grams. 
After solidification was completed and the cooling curve 
recorded, the ingot was removed and vertically sectioned for 
microstructural examination.
0





Characteristic cooling curves recorded for hypo- 
eutectic, near-eutectic, and hypereutectic nodular cast iron 
compositions are shown in Figure 2 with the corresponding 
processing variables indicated. The influence of chemical 
composition and/or processing variables on cooling curve 
shapes is evident from these curves, although no clear trans­
ition point from hypoeutectic to hypereutectic composition is 
•evident. The difference in the shape of the cooling curve 
for near-eutectic compositions may be attributed to different 
solidification mechanisms, which ultimately produce different 
carbon macrosegregational tendencies.
The ingots were sectioned vertically through the 
thermocouple ceramic protective tube, and an area of approxi­
mately one square cm. in the vicinity of the thermocouple 
tip was metallographically examined. Photomicrographs were 
examined for relevant structural features and nodule distri­
bution and count, and the results correlated with the 
corresponding cooling curves.
Disc and/or pin chill samples were poured for spectro- 
chemical analysis from the same metal sample used in pouring 
the ingot for thermal analysis. Other processing variables, 
such as pouring temperature, nodularization and inoculation 
practices, together with composition and other relevant 
observations, were recorded for each sample taken. The 
magnesium alloy added for nodularization was a ferrosilicon
11









C 3.55 % 80 lbs. Mg-alloy 2570 °F
Si 2.45 % 12 lbs. FeSi(75)*
C.E. 4.37 % 20 lbs- FeMn(75)**
Mn 0.65 % per 6000 lbs. metal .
Cr 0.13 %
Cu 0.14 % Inoculation:
Al 0.018 % 8 lbs. FeSi(75)*Mg 0.036 
S 0.006
%
% per 2000 lbs. metal
* 7 5% Si 
**75% Mn
Figure 2(a) Cooling curve and processing variab'les
for hypoeutectic nodular cast iron; ingot 
5.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Metal Metal Treatment Pouring
Chemistry (sandwich method) Temperature
c 3.64 % 95 lbs. Mg-alloy
Si 2.86 % 9 lbs. FeSi. (75)
C.E. 4.59 % 18 lbs. FeMn(75)
Mn 0.75 % per 6000 lbs. metal
Cr 0.16 % Inoculation:Cu 0.11 %





per 2000 lbs. metal
Figure 2(b) Cooling curve and processing variables 
for near eutectic nodular cast iron?"''’ 













C 3.77 % 95 lbs.- Mg-alloy 2545 °F
Si 2.35 % 6 lbs. FeSi(75)
C.E. 4.55 % 15 lbs. F e M n (75)
Mn 0^-0 -65 % per 6000 lbs. metal
Cr "0.12 %
Cu 0.12 % •Inoculation:
A1 0.023 %
Mg 0.036 % 6 lbs. FeSi(75)
S 0.007 % per 2000 lbs. metal
Figure 2(c) Cooling curve and processing variables 
for mild hypereutectic nodular cast 
iron; ingot 9.












5* 0.14 %£ u 0.13 %
fl 0.20 %Mg 0.032 %
ls 0.006 %
85 lbs. Mg-alloy 
12 lbs. F e S i (75)
18 lbs. F e M n (75) 
per 6000 lbs. metal
Inbculation:
6 lbs. F e S i (75) 
'per 2000 lbs. metal
2540
\
'Figure 2(d) Cooling curve and processing variables 
for hypereutectic nodular cast iron; 
ingot 7.
*
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Metal Metal Treatment Pouring
Chemistry (sandwich method) Temperature
c 3.99 % 90 lbs. Mg-alloy
Si 2.53 % 6 lbs. F e S i (75)
C.E. 4.76 % 20 lbs. F e M n (75)
Mn 0.76 % per 6000 lbs. metal
Cr 0.14 % Z-S
Cu 0.13 % Inoculation:
A1 0.022 %
Mg 0.034 % 6 lbs. F e S i (75)
S 0.008 % per 2000 lbs. metal
Cooling curve and processing variables 
for strong hypereutectic nodular cast 
iron; ingot 4.
Figure
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
17
\









The correlation' of cooling curves with the microstruc­
ture is obtained by translating cooling curves' into sets ‘of 
numerical values of parameters appearing in the general 
mathematical description for the temperature vs. time varia­
tion, rather than using the absolute values of the temperature 
and timej'^from the cooling curves. The advantage of such a 
method, in> developing "a more reliable routine sampling pro­
cedure, is based on the fact that the general and specific 
cooling curve characteristics are more telling about -the 
solidification process than singular values of temperature 
and time.
x In order to correlate a section of the cooling curve 
for the casting to its respective microstructure, a special 
mathematical procedure is developed here so that every region 
of the curve is translated into sets of values of the solidi-- 
fication parameters appearing in the mathematical equations 
describing the cooling curve. The translation is performed 
using a computer (Fortran) program developed for this purpose.
Since the shape of any cooling curve is an array of 
temperature vs. time relations, and since the parameters for 
the temperature vs. time relation at any given point on the 
curve are unique for that segment of the curve, the parameters 
can be used to characterize and amplify distinct stages in 
the solidification process which may not be readily discerned
18
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*
from the normal cooling curve itself.
In order to standardize temperature cmd time data 
collecting, each curve is plotted so that the lowest under­
cooling point on the curve is placed at the origin of the 
coordinate axes as shown in Figure 3. The X-axis represents 
time in seconds relative to the time at which maximum under­
cooling occurred. The Y-axis represents relative temperature 
in 0F , also with reference to the maximum undercooling tempera­
ture. The point of maximum undercooling is arbitrarily
e>
assigned coordinates (0,1). The values for times to the 
right of this point are positive and the values for times to 
the left, are negative. For convenience, the value of the 
ordinate at X=0 is conveniently set to-unity, sincfe it is 
the logarithmic form of the temperature vs. time relationship 
&  " that is considered. All temperature values below the relative 
zero temperature point.are taken as negative, and as such 
these negative values of the ordinate are considered in fur­
ther calculations in terms of negative logarithmic functions, 
which are mirror images of the corresponding positive logar­
ithmic functions. By arranging the temperature and time 
values in this manner, the point of origin for each cooling 
curve is placed immediately before the start of bulk eutectic 
solidification (though not at the very start of eutectic 
solidification, since after maximum undercooling and start 
of recalescence eutectic solidification has already commenced). 
This is a convenient datum point, since the rate of bulk 
eutectic solidification is believed to be a critical factor













/  R e l. tim e 
(s e c .)




Figure 3 Codling curve plotted relative to the 
lowest undercooling point recorded.
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
21
in the carbon macrosegregation process (besides the rate of 
proeutectic graphite precipitation).
The errors generated by the measuring and recording 
equipment are relatively consistent throughout a given test, 
and the effect of these recurring errors in interpreting the 
cooling curves may be assumed to be minimal in the procedure 
adopted here, i.e., the experimental errors will have little 
or no effect in determining the values of the parameters 
characterizing the functional relation describing a particular 
segment of the cooling curve.
5.2 Mathematical Procedure
The purpose of the mathematical procedure developed 
here is to fit to the cooling curve a function that permits 
each point on the cooling curve to be defined in terms of an 
arbitrarily selected number of characteristic parameters.
This is best attained by starting from the fundamental Taylor 
series representation and integrating to obtain the final 
functional relationship. The detailed mathematical develop­
ment and solution of the basic equations are given in Appendix 
A, of which only a summary is presented here. In the follow­
ing, Y represents the relative temperature, and X the relative 
time (both variables relative to the maximum undercooling 
point).
5.2.1 Development of The Basic Relations
The value of any function, Y = f(X ), in the neigh-
^  nbourhood of X^, e.g., from X^ to X^, can be approximated by
the Taylor series expansion:
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Y 1  = Y 0 + (x1-x0 )*fl (X0) + [(x1-x0)2/2:]*f"(x0) +
'+ [(X1-XQ) 3/3’] *f 1 * 1 (X0) +  ........... +
+ [(xr xo)n/n:] *f(n) (xQ>.
If the function is approximated by taking only the 
first three members of the series, the rearrangement of terms 
gives: ;
(YrYo)/(xi"V = [(xrV/2]*f"(V + f,(V 1
©Letting (Y^-Y^) / (x^,-XQ) = A, and rearranging terms, Eq. 1 
may be expressed as: ^
[(X1-X0)/2]*f" (XQ) + f'(X0) - A = 0 2
If X-j_-X0 is arbitrarily assulned to have a positive 
unit value (1 sec.), the function becomes in the forward 
difference mode (20):
{1/2)*f" (XQ) + f ‘(X0 ) - A = 0 2a
The backward difference mode considers a negative unit value 
of (20), so that Eq. 2 becomes:
(-1/2)*f"(xQ ) + f ‘(X0 ) - A = 0 2b
Both Eqs. 2a and 2b can also be wri^?£n as:
) (+-1/2)*d2Y/dX2 + (dY/dX) - A = 0
which, after multiplication of the third term by Y/Y, letting 
A/Y = 2, and dividing by (+-1/2), becomes:
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t
d 2Y/dX2 +- 2 * (dY/dX) -+ 2*Z*Y = 0  3
where the double sign.refers to the forward and backw^^i 
difference mode respectively.
If.Z is constant, Eq. 3 represents a first degree, 
second order, homogeneous differential equation for which 
the general solution is:
Y = C 1*exp{M1*X) + C 2*exp(M2*X) 4
where and C 2 are the integration constants. and M 2 are
the roots of the auxiliary quadratic equation (21,22):
f .
2 'M +- 2*M -+ 2*Z = 0
and are given by:
M 1/2= - + l S +- (1+-2*Z)1/2 5
where the double signs in front of 1 and under, the square 
root are indicative of the forward and backward differentia­
tion mode respectively.
Eq. 4 may also be represented in hyperbolic form (21):
Y = K 1*exp(-+X) * cosh(K2+R*x) 6
where ^  = 2 * (C1*C2)1/2 and K 2 = (1/2)*ln(C1/C2) are the odd
1/2and even subscripted constants respectively, and R = (1+-2*Z) 
is the exponential coefficient (c.f. Appendix A, A.1.2,b).
The significant feature of Eq. 6 is that, for suffi­
ciently large X values (time in sec.), and depending on the 
magnitude of K2 amd R, it may be simplified L q:
Reproduced with permission of the copyright owner. Further reproduction prohibited w ithout permission.
24
Y = (K1/2)*exp+-[K2+(R-l)*x] , for R > 0
Y = [Kx*exp(-+X)] *cosh(K2), for R = 0 7
Y = (Kj/2) *exp-+[K2+(R+l) *x], for R  < 0
The above simplifications, are obtained through the exponential 
representations of the co'sh functions, and neglecting the 
relatively small values of those members having exponential 
functions in the denominator.
The logarithmic form of Eq. 7 is a straight line, which 
for the forward and backward difference mode, and for R ^ 0, 
is given by:
I n (Y) = ln(K1/2) +- K 2 +- (R+-1}*X 8
and for R = 0 by
1 n {Y } = ln[K1*cosh(K2>] +- X 8a
5.2.2 Basic Curve Fitting Equation
rv The basic relation given by Eq. 7 can be applied to any
(Xn ,Y ) point on the cooling curve. Therefore, for m  numbet\
of points considered, there will be an equal number of equa- )
tions on hand, each representing the basic relation given by '
Eq. 7. For each point considered the values of and K 2 must ^
satisfy all the points, and thus a comprehensive equation must
be developed which incorporates all the constants corresponding 
♦
to the m points. The logarithmic form of Eq. 7 (i.e., Eq. 8) 
is used to obtain the values of the constants, the general 
form given by (c.f. Appendix A, A.2.1):
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ln(Yn\ =  [ln(k1/2)+-k2]‘ -+ [in(k3/2) +-k4] -+ [ln(k5/2)+-kg ] -+
-+ .... -+ [ln(k2m_1/2)+-k2J  +- (Rn+-l)*Xn
9
where m is the total number of points considered, n is the 
subscript of each point, and where the odd and even subscripted 
constants, k^,k ,k , . . . ,k2ni_^ and k2 ,k4 ,kg ,...,k2m respectively, 
correspond to and K 2 for each point considered. The abso­
lute values of the constants are the same for all the points, 
whereas the value of the exponential coefficient R +-1 differs 
from point to point. The double signs in the square brackets 
signify the differentiation modes adopted in the development
of the basic functional relation (Eq. 7), whereas the double
_ *
signs preceding the square brackets indicate the progressive
x
change in sign from - to + for each successive member in
square brackets as n increases. This sign change is the
result of the curve fitting process designed for computation
of the value of each constant appearing in the equations (Eq.
9) established for each point (c.f. Appendix A, A.2.1) Eq. 9
is the basic curve fitting equation, defining each point on
the curve. Thus if a particular segment of the cooling curve
is defined by an arbitrary number of points, there will be an
equal number of basic equations, and thus an equal number of
both the odd and even subscripted constants, thfe signs of
which are changed progressively on moving from one point to
%
the next. The +- sign in the parentheses containing the 
parameter corresponds to an(3 Rn>^ respectively. The k
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,and R values obtained by the curve fitting process numerically 
characterize the segment of the cooling curve considered.
5.2.3 Curve Fitting Method and the Solidification 
Parameters
Each point on the cooling curve can be represented by 
Eq. 9, so that for m number of points considered a set of m 
equations is- formed, which in symbolic form is given by:
In (Y ) = [c +-c ] -Fc +-c ] -...-Fc +-c "1 +-(R +-1)*XA 10 *• o e Jl i- o e J2 L o eJm o 0
In {Y. ) = fc +-c ], + fc +-c -fc h— c 1 +-(R.,+-1) *X. 2.1 l o e*l L o e J2 o e Jm 1 1
In {Y_) = [c ]-r + [c +-c [c +-c ] h—  (R h— 1) *X0 32 L o e Jl L o e J2 L o eJm 2 2
In (Y ) = [c +-c +-c 1- + ---+ Fc +—c 1 +-{R +-1) *Xn L o e Jl L o e J2 L o e Jm n n
where c q and are the odd and even subscripted constants, 
respectively, or:
m
C +-Co e-Ii - [In (k1/2) +-k2J
c +-c o e-l2 - [in (k3/2) +-k4]
c +-c o e-|3 ■ [ln(k5/2-)+-kg]
c + - c
■ o e.L - [ln<k2»-l/2)+"k 2
Note the successive sign change from negative to posi- 
ive from the top left hand corner to the bottom right hand 
corner of the set on moving from one point to the next pro-
\
X^gressively toward higher subscript numbers.
By transferring all the variable members to the left
hand side, and leavina all the constants on the riaht hand 
side, the above set of equations can be treated as a
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square matrix, from which the value of each constant can be 
computed by applying a suitable iterative method capable of 
making each constant converge to a definite value:
L 0 [col+_Cel Co2 +ce2 Co3 +Ce3- ’*- Coirf+Ce nJw
L, = c ,+-c , +C -+-C _-c ,“ + C ~ c  -+c• 1 l ol el o2 e2 o3 e3 om em-i
L_ = c ,+-c ,+c 0+-c _+c _+—c - — ...— c -+c I 2 1 ol el 0-2 e2 o3 e3 om emJ
L = c ,+-c ,+c _+—c _+c -,+-c -+...+C mn l ol el o2 e2 o3 e3 om emJ
where L = I n (Y ) - (R +-1)*X , and C c and cn n n. n ol om el
are the odd and even subscripted constants respectively.
By arbitrarily setting the values of the even -subscripted 
constants, the values of odd subscripted constants can be 
calculated from Eq. 8.
The values of both the odd and even subscripted.'con­
stants thus obtained are considered as initial approximations, 
which on introduction into the square matrix undergo successive 
modifications through the iterative convergence process until 
complete convergence is achieved. The final equation obtained
Uupon completion of the iterative convergence process, which 
satisfies all the points consi^d^red, is given by: ^
I n{Y ) = [c +C. 11 -+ fC +C 1,-+ [C +C 1 _-+... n L o -eJl L o e J2 L o  e-1 3
-+ [c +C 1 + - (R +-1)*X 101- o e Jm . n n &fc
where Cq and are referred to as the odd and even subscripted 
parameters respectively, possessing definite values character-
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izing each cooling curve segment considered, and which to-
gether with the values of exponential parameters (R +-1), ..
/
hereafter referred to as the variable solidification parameters, 
uniquely characterize the-cooling curve. Note that the even 
subscripted constants already include the sign indicative of 
the differentiation mode adopted in developing the basic 
relation (no double sign in square brackets). The-detailed 
curve fitting method by which Eq. 10 is derived is given in 
Appendix A. 0
Eq. 10 is an expanded representation, since all con­
stant parameters are explicitly shown. A condensed form of 
Eq. 10 may be expressed as:
In(Y ) = SC +-<R +-1)*X 11n n n n
where the symbol*SCn represents the summation of all the con­
stant parameters.- It is evident from the square matrix that 
the values of SCn differ from one point to the next, e.g., 
from n to n+1, by the amount of 2* [c q+C ]n+£ ky virtue of the 
successive sign change from - to + toward higher subscript 
numbers. Eqs. 10 and 11 are straight lines with (R +-1) being 
slope values, and the intercepts on ordinate axis are repre-• 
sented by the sum of a l l othe constant parameters in either 
the expanded or condensed form. A set of straight lines is
oobtained corresponding tp the number of points comprising the 
curve segment, from which the functional relationship of the 
points is established. Eqs. 1 0 or 11 are the basic equations 
containing necessary information describing the' metal
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solidification process, i.e., the constant (solidification)
parameters ([c +C 1 ,. , SC ), and the variable (solidification) L o e Jn+l n
parameter (R^t-1), which can b e -used to determine aad predict 
the extent of carbon macrosegregation. For the purpose of 
digital computation and representation the set of constants 
comprising' the square matrix is considered -as a one dimensional 
array of numbers -
5.2.4 Exponential Parameter R
In the above theoretical treatment the exponential 
parameter R (or R^) is assumed to be'a constant in the close 
neighbourhood of the point considered. For infinitesimal 
(X^-Xq ) distances the symbol Z in Eq. 3 can be replaced by 
(dY/dX)/Y . The expression for the exponential parameter 
becomes:
R = [l+-2*(dY/dX)/Y]1/2 12
which on rearrangement and integration gives:
R = [l+-2*ln(Y)/x]1/2 + Cn 13
where Cn is the integration constant, and the double sign in 
the square bracket denotes the forward and backward mode 
differentiation mode respectively.
It is obvious from Eq. 13 that R is a function of two 
variables, namely, R = F(X,Y), which by implicit differentia­
tion gives (21,23):
dY/dX = -OF/3X)/(3F/3Y) - 14
However, R may also be considered as a function of
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A(=dY/dX) and Y, i.e., R = f (A,Y) ̂  (c.f. Eq. 12). Thus:•
■NJ
dR/dX = (3R/3A)* (dA/dX) + (3R/3Y)* (dY/dX)
whi ch be come s :
dR/dX = (3f/3A) * (d2Y/dX2) + (3f/3Y) * (dY/dX) 15
since dA/dX is the second derivative of the function describ­
ing R. Substitution of Eq. 14 into the second member on the 
right hand side of Eq. 15 results in:
dR/dX = (3f/3A)*(d Y / d X 2) - ( 3f/3Y) * (3F/3X) / (3F/3Y) 15a
It is evident from the above that if the ent of the
cooling curve is large, R can vary significantly. d for 
greater accuracy this variation is incorporated into the 
curve fitting process. From Eqs- 12 and 13, (3f/3Y) = (3F/3Y),
and assuming that (3f/3A)'~ (3F/3X), Eq. 15a can be simplified
to give:
dR/dX = (3R/3X) * (d2Y/dX *-1) 16
It follows from Eq. 13 that:




3R/3Y = +-[l/(X*Y)] *[l+-2*ln(Y)/x] 1/2 18
Substituting Eqs. 17 and 18 into Eq. 14 gives:
dY/dX = +-Y*ln(Y)/X 19




for which^the second derivative is:
d 2Y/dX2 = Y*ln2 (Y)/X2 20
. Introducing Eq. 17 and Eq. 20 into Eq. 16 gives:
dR/dX = -+[ln(Y)/X2]* [i+-2*ln(Y)/x]~1/2 * [Y*ln2(Y)/X2 - l]
21
Transferring dx to the right hand side and integrating, gives 
the final expression for R {both differentiation modes), viz.
R =  [l+-2*ln(Y)/x]1/2 * [(Y/5)*ln 2(Y)/X 2+- (2*Y/1^)*
* (ln(Y)/X + 1) - l]+Cn 22
The detailed integration of Eq. 21 is given in Appendix A.
Eq. 22 is the integral form of R for R ^  const., and as such 
is used in this study'for calculation of all the variable 
solidification parameters. In -the iterative procedure for 
the calculation of the parameters, in Eq. 22 is arbitrarily
■ set to zero, which is compensated for by adjusting the con­
stants in Eqs. 10 and 11.
5.3 Computer Aided Calculations of Solidificatifon Parameters 
^  The computation of the odd and even{subscripted con­
stant solidification parameters CQ and Ce , and their sums 
(C0+C ) n + 2  an<3 scn ' by means of the proposed iterative cycle 
of the matrix convergence process, as well as the calculation 
of the variable solidification parameter values R , is' per­
formed using a computer (Fortran) program. The computer 
program performs computations of the parameters using the 
time and temperature input data obtained from the cooling 
curves. .The relative time and temperature data are obtained 
from the cooling curves as described ^arlier (section 2.1)
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prior to their introduction into the computer program. A 
further improvement in the-data processing method would in- 
' d ude automatic input of the time and temperature data 
directly from the measuring instrument.
The location and number of points on the cooling curve 
for which time and temperature data are collected is arbi­
trarily selected to best represent characteristic segments 
and features of the cooling curve. The distribution of 
selected points is chosen as even as possible, though not 
necessarily evenly spaced. The forward difference mode has
.been used in computations performed on data collected from 
*the cooling curve segments in the positive time region, i.e.,
to the right of the origin which is coincidental with the
lowest undercooling point, and the backward difference mode
♦
has been applied for computations respective to the negative 
time segments, i.e., to the left of the origin.
The detailed computer program, together with the input 
data for a typical hypereutectic nodular cast iron cooling 
curve is given in Appendix B. The comment statements pro­
vided in the text render the program self explanatory.
The computer output data for the cooling curves /
considered in this study are found in Apperidix C. They con­
tain the relative time (X ) and temperature (Y ) values, then n
values of variable parameters (R^), as well as the odd and 
even subscripted constant parameter values in their expanded 
and condensed form for every point considered on the curve.
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CHAPTER 6
Correlation of Cooling Curves with Carbon Macrosegregation
y
The constant (solidification) parameters vs. relative
time curves (in either their expanded or condensed form),
namely (C +C ) ,, vs. X and SC vs. X , provide valuable
1 o e n+1 n n n e
information on solidification mechanisms and carbon macro­
segregation. In contrast, the identification of carbon 
macrosegregation from the cooling curve itself is considerably 
less accurate and often ambiguous. As noted earlier, any 
small segment of the cooling curve expressed in parameter 
form is essentially a straight line (c.f. Eqs. 10 and 11).
The magnitude of every particular (CQ+Ce )n+  ̂ value is depen­
dent on all relative logarithmic temperature values (ln(Y ),
...,ln(Y ), as well as on all the variable parameter values n
(R n— 1,...,R +-1) determined by the iterative procedure o n
described earlier (c.f., 5.2.3 and Appendix A). . The
(R ,) values are the slopes for the straight lines, £cf£. n+-i
10 and 11, and are related to the changes in cooling rates.
The consjtant (solidification) parameters (CQ+C( n+1 and SCn 
are obtained\from the intercepts of the straight lines (Eqs.
10 and 11), and as such are related to the temperatures of 
specific events occurring during solidification of the ingot.
6.1 Carbon Macrosegragation in Mild Hypereutectic Composi­
tions
Carbon macrosegregation has not been detected in 
significant amounts in nodular cast irons below a carbon 
equivalent of approximately 4.6%, and this chemistry effect
33
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will be important in correlating the cooling curve character­
istics to the degree of carbon, macrosegregation (17,18,24).
To illustrate the method by which the segments of cooling 
curves are interpreted using the values of the parameters 
obtained, the cooling curves for ingots 2, 22 and 9 are 
given in Figures 4(a) to 4(c) and analyzed. The array.of 
(Co+Ce )n+  ̂ values for each cooling curve, obtained from the 
computer output data given in Appendix C, are also plotted 
against relative times (Xfi) for comparison.
The (C +C ) , , vs. relative time curve (the subscripto e n+1
number is indicative of the point at which relative time and
»
temperature data are collected) for ingot 2 has the relative
maximum at X = +28 sec., situated between the relative n
minimum at X = +32.5 sec. and the relative minimum at X n n
+18 sec.. Positive times denote solidification events taking
place before maximum undercooling is reached. The (C +C ) ,.r  ̂ o e n+1
curve for ingot 22 has similar but less distinctive features,
with the relative maximum at X = +16.5^sec. between then
relative minima at X = +20.5 sec. and X = +12 sec. Ingotn n
22 has a smaller relative maximum value than ingot 2, and
the distance between its two relative minima is also less.
The (C +C ) ,. curve for ingot 9 does not show anv distinc-o e n+1
tive maximum to the right of the maximum undercooling point,
and both minima have merged into a single minimum point at
)X = +10 sec.n
The positions and the magnitudes of the relative
maxima and the minima of the (C +C ) ,. vs. relative timeo e n+1
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Figure 4(a) Cooling curve, (CQ+Ce )n+1 curve,
and chemistry for mild hypereutectic 
nodular cast iron; sample ingot 2.
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Figure 4(b) Cooling curve, ^ Q+C^)n+^ curve,
and chemistry for mild hypereutectic 
nodular cast iron; sample ingot 22.
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Figure 4 (c) Cooling curve, (C0+Ce )'n+l curve, and 
chemistry for mild hypereutectic nodular 
cast iron; sample ingot 9.
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curves are functions of both metal composition and solidi­
fication mode. The start of proeutectic graphite nucleation 
and gxowth of austenite (pendulum effect (15)) coincides 
approximately with the appearance of the first minimum in
the (C +C ) ,. curve. The relative maximum is the recale-o e n+1
scer.ce resulting from the latent heat released on the 
nucleation and initial growth of the austenite. The preci­
pitation of proeutectic graphite would not in itself liberate 
sufficient heat for the observed recalescence (18) corres­
ponding to the first relative maximum in the ĉ0+{--e ^n+i 
curve. The start of bulk eutectic solidification is approxi­
mately coincident with the second minimum for the (CQ+C 
curve, which precedes the second relative or plateau of the
(C +C ) , curve (or the single recalescence in the coolingo e n+1
curve itself in the negative time region). Thus it is
evident that recasting the cooling curves according to the
(C +C ) ,, values has the effect of accentuating the signi-o e n+l
ficant solidification events (e.g., undercooling and 
recalescence) not sufficiently evident from the cooling 
curves themselves.
It is important to note that melts with quite similar 
chemistries (and having only moderately different cooling 
curves) can show significantly different (c0+ce )n+i curves 
(c.f., ingots 22 and 9). This indicates that other factors 
beside composition determine the solidification mode. If
■j
the solidification mode includes a very gradual initial 
eutectic solidification, then there will not be a distinct 
maximum in the positive time region (to the right of the
<
4
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! ■»
maximum undercooling point) of the (C +C ) _ curve. Thiso e n+1
is evident from the (C +C ) curve (and to a lesser"extento e n+l
from the cooling curve) for ingot 9. The absence of a 
relative maximum and the first minimum suggests a rather slow 
initial solidification rate, and this promotes carbon macro­
segregation since the proeutectic graphite nodules are free 
for a longer period of time to grow, combine, and then rise
sr
to the surface. This will favor fewer but larger nodules and
more clustering. On the other hand, the presence of the
relative maximum and double minima for the (C +C ) ,. curveX , o e n+1
for ingot 22 , a’nov particularly for ingot 2 , indicates a 
fast initial solidification rate, resulting in an increased 
number of graphite nooules of generally smaller 
size (18) . The microstructTTres shown in Figure 5 are in 
agreement with the above hypothesis.
The differences' in the (c0+ce ) n+]_ curves for ingots 
9 and 22 indicate that other processing variables (perhaps 
trace amounts of some tramp elements) in addition to carbon 
equivalent are the determining factors in the solidification 
process. This is particularly important when dealing with 
border line compositions such as near-eutectic or mild 
hypereutectic compositions (e.g., ingots 2> 22 and 9).
These factors are not easily identified, although they
igreatly affect the solidification mechanism. The advantage
of the present method of thermal analysis is that the shape
of the (C +C ) curve, when correctlv interpreted, char- o e n+l ' .
acterizes the mode of solidification, from which the degree 
of carbon macrosegregation can be 'inferred. The predictions
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Figure 5(a) Unetched microstructure of 
ingot 2, (50x) .
Figure 5(b) Unetched microstructure of 
ingot 2-2-, (50x).
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«
Figure 5(c) Unetched microstructure of ingot 
9, {50x).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
are based not only on one aspect, i.e.,* the temperature read
from the cooling curve, but incorporate the effects of all
the processing variables, including, metal chemistry, since
all of these affect the shape of {C +C ) curve, and are• o e n+l
more effectively included in the (C +C ) ,. curve comparedi o e n+l
to the simple cooling curve by the very process of its
✓
synthesiSj.
It is interesting at this point to consider inqot 42,
which has the carbon equivalent approximately that of ingots
9 and 22, but a significarit- difference in the actual carbon
and silicon contents. The cooling and (C +C ) .. curves for, * o e n+1
ingot 42 along with metal chemistry are given in Figure .6.
There is .only one distinctive minimum on the (C +C ) ,, curve■* o e n+l
in the domain of the positive time values for ingot 42, which
indicates a slo^ start of the bulk eutectic solidification.
This can be corroborated from the microstructure of ingot 4 2
shown in Figure 7, viz. the presence of a greater number of
much larger nodules than in the two former cases is evident.
The location of the relative minimum for ingot 42 is at
X = +26 sec., while the minimum for ingot 9 is at X = +10 n n
se.c.,' which may b e t a k e n  as further evidence that bulk eutec­
tic solidification is slower in ingot 42 relative to ingot 
9, thus giving more time for the proetuctic graphite nodules
to grow and cluster. In the above analysis, the implication
\ v
is that the eutectic solidification has commenced before the
second maximum or plateau in the {C +C ) ,, curve'has occurred^ o e n+1
and perhaps even before the maximum undercooling temperature
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Fiaure 7 Unetched microstructure of ingot 
42, (5 0 x ).
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was reached, because recalescence will occur only after the 
solidification rate and consequent release of latent heat is 
sufficiently fast to overcome the imposed rate of heat with­
drawal.
It is to be expected that the incidence of carbon
macrosegregabion and flotation will be more pronounced in
irons in which proeutectic precipitation of graphite occurs,
and this is found to be the case in ingots 9 and 42. For
irons showing predominantly early eutectic solidification,
carbon macrosegregation is expected to be minimal. The
incidence of carbon macrosegregation and ultimately carbon
/
flotation is the greatest in strong hypereutectic composi­
tions, all showing single minima to the right of the origin
#  r - on the ĉ0+ce 5 n+1 curves. Accordingly, further discussions
of carbon macrosegregation in relation to the solidification
parameters will be directed to these irons.
6.2 Carbon Macrosegreqation in Hypereutectic Compositions 
The precipitation of proetuctic nodular graphite 
preceding bulk eutectic solidification becomes more pronounced 
with increasing carbon equivalent (and thus time available) 
before the start of bulk eutectic precipitation. After the 
y  onset of eutectic solidification the proeutectic nodules tend
to be trapped by the dendrites of the growing eutectic crys­
tals. The degree of restriction of nodule movement, and thus 
the extent of carbon macrosegregation, is therefore also 
dependent o n ‘the rate of eutectic crystal growth, and a 
prolonged eutectic solidification stage increases the chances
of nodule flotation. ^
>
J/
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The effect of the eutectic solidification rate on
carbon macrosegregation is evident in the cooling curves for
ingots 4 and 38. The different carbon macrosegregation
degrees, as evident from the significantly greater number of
clusters for ingot 38 compared to ingot 4' (cf. Figure 9),
cannot be attributed to the very small difference in their
metal chemistries (c.f. Figure 8).
The SC curves obtained by plo £tlhg the values of SC n I n
('solidification parameter obtained according to Eq. Ill 
versus relative times (corresponding to the successive sub­
script numbers for the temperature ajid time data) are shown 
in Figure 8- The significance of the SCn values, represent­
ing the summation of all the (c0+ce )n+]_ values for the points 
selected to define the curve segment (c.f. Eqs. 10 and 11), 
gives an integrated and therefore more comprehensive (numer­
ical) characterization of the solidification event at each 
point in time. Again, as with the (CQ+C ) curves, the
SC curves further amplify solidification events such as n . '
undercooling and recalescence, particularly in the negative 
time regions corresponding to the bulk eutectic solidifica­
tion stage.
It is evident from Figure 8 that the start of eutectic
/
solidification is coincidental with the appearance of the 
maximum on SCn curve in the positive time region, and that 
the bulk of eutectic solidification is carried to the left
of the origin in the negative (time region. As far as in-
]
gots 4 and 38 are concerned, the undercooling £s considerably
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Figure 8 (a) Cooling curve, SCn curv^, and
metal chemistry for hypereutectic 
nodular cast iron; sample ingot 4.
r





















Figure 8(b) • Cooling curve, SCn curve, and metal 
chemistry for hypereutectic nodular 
cast iron; sample ingot 38.
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\
Figure 9(a) Unetched microstructure of ingot 
4, (50x).
Figure 9(b) Unetched microstructure of ingot 
38, (50x) .
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greater for ingot 4 than for ingot 38. -The rate of recale­
scence after the lowest undercooling point has been reached 
is also much faster for ingot 4. These two phenomena are 
much more evident from the SC^ curves than from the original 
cooling curves. The SCn curve for ingot 38 suggests 
rather gradual and relatively slow bulk eutectic solidifica­
tion process compared to ingot 4. Consequently, a higher 
carbon macrosegregation tendency is expected for ingot 38 
compared to ingot 4. The micrographs given i n ’Figure 9 show 
this to be the case, with ingot 38 showing significantly 
more graphite nodule clusters than does ingot 4.
Eq. 11, on dividing by X , becomes:
SC /X = - + (R +-1) + I n (Y )/X 23n n n n n
The left hand side is related to the relative solidification 
rate (R+-1), so that SC^ is related to the increment in the 
amount of eutectic solidified at any given time. In Table
1, the valuds for'Relative time (X }, logarithms of relative\ 'n temperature (Y ), ln(Y )/X , slope (R +1), increment in n n n n
relative amount solidified (SC ), and relative solidificationn
rate (SCn/Xn ) are compared for both ingots 4 and 38. It is
noteworthy that relative solidification rates, represented by
Eq. 23, in both cases peak before the maximum value for SCn
*
is reached, which is a consequence of the delayed heat trans­
fer to the surroundings duri-ng solidification of the sampld 
ingot.
In the context of the above interpretation of the SC^
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
curve, SC /X values in the negative time region can be consi- n n .
•dered as the relative rates of bulk eutectic formation. It 
is expected that the rate values will vary during the solidi­
fication process', as indeed it can be demonstrated from the 
data given in Table 1. If for simplification.only the maxi­
mum value for SC in relation to the time of its occurrencen
X is considered, the relative maximum value (SQ /X ) for n n n max
ingot 4 is 0.8451, while for ingot 38 is 0.1559. These 
relative maximum values indicate the faster solidification 
rates for ingot 4, and are in agreement with the above inter­
pretations of the significance of the parameter SC^.
In considering the relative eutectic (bulk) solidifi­
cation rate and the relative amount of etuectic formed, it is 
important, to emphasize that the numerical values obtained are 
based on arbitrarily choosing zero for their values at the
points X = 0 and Y = 1  for convenience. In fact, some - n n
eutectic solidification has probably already occurred, but 
insufficient in rate for the latent heat release to overcome 
the imposed cooli^ig""*rate. If.the beginning and/or the end 
of eutectic solidification were more -precisely determined, 
the translation of the axes from their original positions 
would correct for this difference.
The total amount of the eutectic formed in irons
%
having virtually identical compositions must be approximately
the same, so that the slower initial rate of eutectic forma- 
tion\for. ingot 38 must be made up in latter stages of the 
solidification process. This is evident from levelling of


















\ Ingot Solidification Parameters
During E ^ l i e r  Stages of Solidification for Ingots 4 and 38 4
Xn In (Yn^ In (Yn^ ̂ n Rn+ 1 SC n . scn/*n
sec Ingot 4 Ingot 38 Ingot 4 Ingot 38 Ingot 4 Ingot 38 Ingot 4 Ingot 38 Ingot 4 Ingot 38 ■
-10 0.7929 +0.0728 -0.0793 -0.0073 0.^186 + 0.-1361 3.6809 +2.0282 -0.3681 -0.2028
-20 1.4355 -0.0061 - Q .0 718 +0.0003 0.4914 +0.1328 11.9648 +3.3524 -0.5982 -0.1676
-26 1.6176 -0.0337 -0 .0622 +0.0013 0.6121 + 0.1*3 02 18.2338 +4.0546* -0.7013 -0.1559
-30 1.6903 -0.4436 * -0.0563 +0.0148 0.6683 +0.1005 22.4399 +3.2727 -0.7480 -0.1091
-40 1.8673 +0.5523 -0.0467 -0.0138 0.8174 -0.0905' 35.2638, -2.3637 I o CO CO H» ov + 0'. 0591
-50 1. 8578 -0.0372 0.8338 43.4696 _ - -0.8694
-54 1.8053 -0.0334 0.7781 44 . 5240* -0.8245
-60 1. 6708. -0.0278 0.6814 43.2560 -0.7209
-70 1. 2976 -0.0185 0.4697 34 . 8773 -0.4982
* denotes the maximum point in the negative time region on SC^ curve.
I
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the coo.ling. curve for ingot 38 immediately past the maximum.
The small temperature drop through this straight portion indi­
cates that eutectic solidification, after a rather slow start, 
has gained momentum. The increased solidification rate at 
this stage decreases nodule flotation; however, the slow 
initial start of bulk eutectic solidification gives a net 
increase and carbon macrosegregation relative to ingot 4.
In Table 2 the relative time X , relative temperature
Y , slope R + 1,. and SC /X values for ingots 4 and 38 are n c n • n n J
compared to show the difference in rate of the relative amounts
solidified during the later stages of eutectic - solidification.
The- time span between R +1=0 and R +1=-1 for ingot 4 is 23  ̂ \ n n
sec. During 1 this time period SC /X has increased from 0 to V  r n n
1. For ingot 38 the drop of Rn+1 from 0 to -1 requires 32
sec. In this same time period SC /X has increased from 0n n
to +1. For Rn+ 1 to decrease from -1 to -2 requires approxi­
mately 10 sec. for ingot 4, during which SC /X has in- ■* n n
creased from 1 to 2. For ingot 38 the drop in Rn+1 requires 
approximately 18 sec., duryfjg which SC^/X^ has also increased 
by one unit. It is evident from these figures that for an 
equal drop in either one of the parameters, the times in­
volved for ingot 38 exceed those required for ingot 4 by 
60^ or more, showing that longer solidification times for 
ingot 38 result from the slower rates of eutectic solidification.




















Ingot Solidification Parameters ' §$$$)»
During Latter Stages of Solidification 
for Ingots 4 and 38
X Y R + 1 SC /Xn n n n n
sec Ingot 4 Ingot 38 Ingot 4 Ingot 38 Ingot 4 Ingot 38
- 38 0.00 0.0000 0.0000
- 46 - 2.21 -0.2779 0.2799
- 52 - 3.57 -0.4507 0.4616
- 60 - 5.66 -0.725,0 0.7422
- 70 - 7.95 -1.0304 1.0500
- 78 -10.56 -1.3769 1.3982
- 85 0.00 -13.65 0.0000 -1.7730 0.0000' 1.8109
- 90 - 1.51 -16.08 -0. 1965 -2.1124 0.1933 2.1355
- 98 - 3.92 -20.26 -0.509 5<* -2.6695 0.5150 2.6930
-104 - 5.84 -24.05 -0.7611 -3.1749 0.7713 3.1987
-108 - 7.76 -26.88 -1.0154 -3.8183 1.0278 3.8429
-110 - 9.00 -38.17 -1.1798 -4.2568 1.1934 4.2820 v
-118 -15.66 -2.0644 2.0817
-122 -19.52 -2.5780 2. 5666’
-125 -23.20 -3.0102 3.0886 •
-130 -31.17 i -4 .1288 4.1498
C H A P TE R  7 ____________. ^
Discussion
The dependence of carbon macrosegregation on carbon
equivalent has already been emphasized. It was also shownV-w V
^ t h a t  nodular cast irons exhibiting close metal chemistries 
can-also assume different solidification mechanisms, and thus 
manifest different carbon macrosegregation tendencies. In 
the following the different degrees of carbon macrosegregation 
tendency, as determined from microstructures observed in sam­
ples of similar compositions (carbon equivalents), will be 
compared against the values of the respective solidification 
parameters. The solidification parameters considered are the
relative maximum rate of eutectic solidification (SC /X ) ,n n max
the relative maximum (incremental) amount of eutectic forma­
tion (SC ) _  , and the slope (R +1) _ of the straight line n mcLX n iucix
which represents the temperature vs. time relation (c.f. Eqs.
11 and 23) at the time of its occurrence (X ) .n max
7.1 Relationship of Solidification Parameters to Carbon 
Macrosegregation |
I
In Table 3 samples are arranged in decreasing order of
their values for (SC /X ) . The increase in the size and numn n max
ber^ of the larger nodules with the decrease in the numerical 
♦
values of solidification parameters is evident from Figure 10,
>
and is in agreement with the previously given interpretation,
viz., that a decrease in (SC /X ) and (SC ) • valuesn n max n max
corresponds to a decrease in the relative rate of eutectic 
formation, which increases the time for graphite precipitation
55
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Figure 10(c) Unetched microstructure of ingot 
1, (5 Ox).
Figure 10(d) ftnetched microstructure of ingot 
39, (50x).
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•mand nodule growth. However, due to the site of sample ingot 
and low carbon equivalent levels, nodule clusters did not 
form. The presence of large number of smaller nodules in 
ingot 7, and particularly in ingots 1 and 41, is consistent 
with their relatively high solidification rates (compared to
ingot 39). The similarity in their microstructures is also
/ 0
suggested'-bv-zthe relativelv small difference in (R +1) and ̂̂ J n max
(SC /X ) values for ingots 1 and 41. The higher nodule n n max  ̂ 3
count in these ingots can be attributed to the faster rate 
of graphite nodule formation during the eutectic solidifica­
tion stage, "*since the nucleation rate of the graphite phase 
is generally taken to be the rate controlling factor of the 
eutectic solidification process (4,15). In contrast to 
ingots 1 and 41, the eutectic solidification rate for ingot
s39 is considerably slower as indicated by considerably smal­
ler values of solidification parameters. The lower nodular
count and'larger nodule size is in agreement with the slower
/nucleation rate of graphite nodules. /
The .observations and conclusions made regarding the
m
ingots in Table 3 can be applied to the ingots in Table 4, 
with the exception of ingot 33, which exhibits vermicular 
graphite forms. The ingots in Table 4 have higher carbon 
equivalents and smaller solidification parameter values 
suggesting a higher tendency for nodule clustering. The 
increased carbon macrosegregation tendency is evident in the 
nodule clusters that are observed. The microstructure of 
^_~_Lngot 38, which is shown in Figure 9b, has the greatest
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number of clusters, and correspondingly the 'smallest values 
of solidification parameters. The microstructure of ingot 
4 is shown in Figure 9(b), and the microstructure of ingots 
23 and 3 3 are shown in Figure 11. The degree of nodule 
clustering evident from these micrographs is in agreement 
' with the values of- solidification parameters and the above 
hypothesis regarding their interpretation.
The set of ingots in Table 5 with their respective 
microstructures shown in Figure 12 are yet another example 
of the increase of carbon macrosegregation with the decrease 
in solidification parameters values. The number and size of 
clusters are inversely proportional to the values of solidi­
fication parameters, as evident from the corresponding 
microstructures.
7.2 Effect of Increasing Carbon Equivalent
In Table 6 and Figure 13 the solidification parameters
and corresponding microstructures are shown for a series of
nodular cast irons having still higher carbon equivalents
(4.81 - 4.90%). Again, the increase in carbon macrosegrega-
*
tion with decrease in solidification parameter values is
clearly evident. The increased carbon equivalent levels,
compared to the set of ingots in T a b led, results in a-
higher nodule density and general decrease -in nodule size.
/
Also, the generally lower values of solidification parameters 
due to the higher carbon equivalent levels, and thus far 
more gradual eutectic solidification rates, are consistent 
with the greater incidence of carbon macrosegregation in
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Figure 11(a) Unetched microstructure of ingot 
23, (5 0 x )
Figure 11(b) Unetched microstructure of inqot 33, (50x) .
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Figure 12(a) Unetched microstructure of ingot 
17, (50x) .
Figure 12(b) Unetched microstructure of ingot 
32, (50x).
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
66
Figure 12(c) Unetched microsthyicture of inoot 
27, ( 50:<) . *
£
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/
Figure 13(a) Unetched microstructure of ingot 
18, (50x).
f* t* ‘ • J
Figure 1 3 (b) Unetched microstructure of inaot 
' 30, (50x).
\
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
68
Figure 13(c) Unetched microsktructure of ingot 
36, (50x).
Figure 13(d) Unetched*microstructure of ingot 
35 , (50x ) .
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rigure 1 3 (e) Unetched micro&'trudture of ingot 
2 5  ,  ( 5  0 x ) .
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
7 0
th^s group of ingots compared to those in Table 5, although 
module size has generally decreased. Due to the high carbon 
equivalent levels (also higher carbon levels) proeutectic 
graphite precipitation, is greatly increased. It-has been 
proposed that the resulting carbon depletion in the liquid 
promotes a slow, gradual eutectic solidification stage (15,
25), thereby enhancing nodule growth and clustering.
Ingot 13, which stands apart from the rest of the 
ingots in Table 5, shows the presence of considerable 
amount-of intercellular carbides (c.f. Figure 14). This 
could be the result of an inefficient or improper inocula­
tion practice (note the relatively low silicon content),
and/or to some other undefined intrinsic metal property.
*
The stronger tendency of carbon to stay in solution finally 
resulted in most of the carbon precipitating as intercellular 
carbides. If ingot 13 is classified according to the sili­
con content, it could equally be placed in Table 5. However, 
the carbon equivalent is significantly higher than the car­
bon equivalents of other ingots in Table 5. The extpnt of 
carbon macrdsegregation for ingot 13 is in agreement with 
the magnitude of solidification parameters, but with a 
lower nodule count due to the presence of intercellular 
carbides .
It should be reiterated that the values of solidifi­
cation parameters, being strictly relative and depending on 
metal composition and other processing^variables, as such 
should not be -expected to predict the microstructure precisely
with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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Figure 14(a) Unetched microstructure of ingot 
13, <50x).
^  Figure 14(b) Etched microstructure (21 nital) of
ingot 1 3 , _ ( 5 0 x ) .
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
and quantitatively. What is evident 'from the results of this 
study is a general and consistent- relationship, viz. decreas­
ing the values for solidification parameters, e.g., (Rn+ D max 
and Ŝ^n/Xn ^m a x ' results' in an increasing tendency for carbon 
macrosegregation and ultimately carbon flotation.
7.3 Effect of High Silicon Content
The ingots in Table 7 are characterized b y  itelatively 
high silicon contents. The variation in carbon macrosegrega­
tion (in particular nodule clustering) with decrease in soli­
dification oarameter values is less pronounced for the ingots 
in Table 7 (c.f., Figure 15) than for those in Table 6. This 
is consistent with the relatively smaller change in the soli­
dification parameter values between ingots at the top and 
those at the bottom of Table 7 compared to the ingots in 
Table 6. The higher final'silicon content of the ingots in 
Table 7 is not necessarily due to an increased /ferrosilicon 
-inoculation, but may be due to a.higher silicon\content of . 
the base metal. Regular foundry practice calls for reducing 
the amount of ferrosilicon inoculant if the base metal is 
high in silicon, although base silicon content itself is 
generally assumed to have no significant inoculant effect. 
.The exceptionally high silicon content in ingott 28 may be 
the prime cause for the relatively low incidence of nodule 
clustering. However, considerably more results with high 
silicon irons are required before a causal relationship be­
tween silicon content and carbon macrosegregation can be 
established.
i
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Figure 15(a) Unetched microstructure of inaot
^ A ! C A \24, { 50x).
iaure 15(b) Unetched microstructure of inqot 
31, (5 0 x ) .
"\
*
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Figure 15(c) Unetched microstructur^pf ingot
29, (5 0 x ) .
Eligure 15(d) Unetched microstructure of inqot 
34, (50x).
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Figure 1 5 {e^ Unetched microstructure of inqot
i 28, (5Ox).)
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7.4 Effect of High Carbon Content
The strong tendency toward carbon macrosegregation'is
clearly evident from the micrographs of the ingots listed in
Table 8, and shown in Figure 16. This/^is particularly so for
i ngot 11 which has- the lowest (R +1) , (SC ) , andn max ' n max 
/
^ S ^ n ^ m a x  values. The variation in metal chemistry, parti­
cularly silicon content in this group appears to have less 
influence on nodule distribution and carbon macrosegregation 
than in previous cases. The very high carbon contents (and 
equivalents) greatly increase the nodule count, but also 
decrease nodule size considerably. A severe carbon flotation- 
would occur if agglomeration of the tiny nodules into irregu­
lar chunks of graphite were to take pjace during an extended 
solidification period. . '''V.
7.5 Importance of Solidification Parameters and Carbon 
Equivalent in Predicting Carbon’ Macrosegregation
/
From the above data it is evident that the solidifica­
tion parameters (R +1) , (SC ) , and (SC V x  ) 'generally^ n max n max i¥ n max ^ 1
decrease as the carbon equivalent increases. It is also 
evident tffat the e f f p < f i s ' of various processing variables are 
less pronounced^for high carbon equivalent irons. The dura­
tion of \roeu£ectic graphite precipitation must necessarily 
increase with carbon equivalent, which continues until the 
eutectic composition is reached. Time is of the essence here, 
and if the cooling rate is slow, carbon macrosegregation will 
be pronounced. Also, a relatively slow rate for the eutectic
solidification stage will also enhance the macrosegregation
✓process. The generation of numerous ureciDitation sites
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Fiaure 16 (a) Unetched microstructure of inqot
37, (50x)>
t
V■ icurc 16(b) Unetched micro'structure or inoot 
. If,, (50:-:) .
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Figure 16(c) Unetched microstructure of ingot 
12, { 5 0 >:) .
i'icur-1 16(d) U n e t c h e d  m i c r o s t r u c t u r e  of u u m i  
2 (■ . ' " 0 x '■ .
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Figure 16(e) Unetched microstructure of ingot
1 1 ,  (5  0 x ) .
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during the proeutectic graphite precipitation stage appears 
to favor a. gradual rate for the subsequent eutectic soTidifi-. 
" M S  .tion stage, which is evident from lower values of solidifi­
cation parameters obtained in irons having higher -carbon/ 
equivalent levels. This could be attributed to a lesser 
tendency to supercooling prior to eutectic solidification, 
since the proeutectic graphite nodules serve as existing 
nuclei for eutectic graphite nodule formation. Without any 
x substantial supercooling of the eutectic liquid, there would
be no (initially) accelerated eutectic solidification rate.
The degree of carbon macrosegregation in ingots having 
different carbon equivalents, but similar or close solidifi- ' 




It is evident that both carbon equivalent levels (and/ 
or carbon and silicon .contents') and solidification parameter 
values are necessary for correctly interpreting the micro­
structures and predicting the tendency for carbon flotation.
The solidification parameters are affected by all the pro­
cessing v a r i a blesincluding metal chemistry, e.g., ingots
39 and 35 have close values for (R +1) and (SC /X ) ,n max n n -max
and although there are similarities in the carbon morphologies, 
the. higher macrose’gregation tendency in ingot 3 5 can be _ 
attributed to its higher carbon equivalent. Similar conclu­
sions can be drawn by comparing ingots 38 and 35, o-r ingots 
27 and *36. In both these cases, the higher carbon equivalents
of ingots 25 and 36 result in more pronounced carbon
>
£  .
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A
macrosegregation tendencies. On the other hand, ingot 38 
does show greater macrosegregation tendency than ingots 18 
and 30. Since carbon equivalent for ingot 3.8 is lower-than 
for both ingots 18 and 30, the higher incidence of carbon 
macrosegregation in ingot 38 can be attributed t o %its ipwer 
solidification parameters. The smaller^solidification para­
meters are primarily the result of the lower solidification 
rates resulting from processing variables other than metal 
chemistry. Similar conclusion's can be deducted by comparing 
ingot 37 with ingots 36, 35, 25, 27, and 38. The tendency 
toward carbon macrosegregation in ingot 37 is less, although 
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C H A P T E R  8
SUMMARY
The carbon macrosegregation phenomenon-, particularly
in hypereutectic nodular cast irons, has an adverse effect
on. surface quality of castings. The extent of carbon
macrosegregation and carbon flotation is dependent on'metal
chemistry, but it is also significantly affe'cted by other
processing variables. These processing variables (e.g.,
inoculation procedure, pouring temperature, solidification
rate) directly affect -the solidification mechanism, and
thus indirectly carbon macrosegregation, and as such must be
closely controlled if the desired casting structure is to’ be
achieved. The solidification parameters (R +1), (c. +C ) ,,n o e n+1
SC , SC /X and their respective maximum values, in addition n n
to metal chemistry, constitute a comprehensive “bet of indi-' 
cators of'the thermal history during the solidification , 
process, and as such their interpretation can greatly facili­
tate prediction and control of carbon macrosegregation and 
flotation in commercial nodular cast irons-
oThe method for identification and control of carbo© 
macrosegregation in commercial nodular cast irons developed 
in this study utilizes both the chemical and thermal aspects 
of metal testing practice, which are summarized in the 
following conclusions:
v
1) A thermal analysis method is developed, which in
r>
conjunction with metal chemistry monitoring, is
“  V
t  ' .  :
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capable of qualitatively predicting from cooling 
curves the tendency to carbon macrosegregation 
in commercial nodular cast irons, Shd provides a 
* rapid quality control procedure in nodular iron 
production. v
2) The thermal history of the solidification process, 
initially obtained as a cooling curve, is analyzed 
using a specially developed mathematical and com-
. putational procedure, to give sets of distinctive 
numerical values of solidification parameters.
The essential role of the mathematical procec^ire 
is to characterize and amplify'the significant 
features of the cooling curve, which otherwise 
are not easily discernible from the original 
cooling curve itself.
3) The absolute time and temperature data obtained
from cooling curves are transformed to relative 
v a l u e s ?  by using as a reference the maximum under­
cooling point, so that the values of all solidi­
fication parameters thus obtained become relative.
4) The solidification parameter values are unique
for every single segment of the cooling curve and
can be correlated with carbon macrosegregation 
tendencies.
5) The solidification parameters essentially repre­
sent relative solidification rates and relative 
amounts solidified for any point in time. The
)
*
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relative nature of the solidification parameters 
removes the need for absolute calibration of the 
measuring instruments, and accordingly reduces 
the influence of recurring errors in 'the inter­
pretation of the cooling curve segments.
6) In general, the degree of carbon macrosegregation
increases with carbon equivalent and decreasing 
0values of the solidification parameters (R +1),
SC , eftid SC /X . n n n -
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A P P E N D IX  A
A. 1 Development of the Curve Fitting Equations 
A.1.1 Introductory Concepts
The- value of a function Y = f(X ) in a sufficientlyn n ■*
close neighbourhood of X^, can be expressed by the Taylor 
series expansion of f(Xn )^20^, i.e.,
f CX1) = f(XQ) + (X1“X0)*f* (XQ) + [(X1-X0)2/2l]*f" (XQ) +
+ [(X1-XQ) 3/31 ]*f"  ’ (XQ) + ... +
+ [/x1-X0)n/n:.]*f(n) (X0) + ...
where the primes denote the differentiation orders.
If the function in the neighbourhood of X^ = X q is 
approximated by only the first three members of the series, 
a rearrangement of terms gives:
[(X1-X0)/2]*f"(X0) + f'(X0) - (Y1-Y0)/(X1-X0) = Q(X0) A1
where Q(XQ) is the residual of the series and represents the
error generated by truncation. If the first three terms of
the series are assumed to give sufficient accuracy, and let­
ting :
(Yi~Y0) / (X _Xq ) = A / Al becomes,
[(X1-XQ)/2 ]*f" (XQ) + f ’ (X0) - A = 0 A2
%
By arbitrarily assigning a positive unit value to 
(Xi-X ), Eq. A2 becomes (for the forward difference mode):
Al
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A2
(l/2)*f"(X0) + f ’(X0) - A = 0 A2a
If arbitrarily (X^-X^) = -1, Eq. A2 then expresses the back­
ward difference mode given by:
(l/2)*f” (Xg) - f ’(X ) + A = 0 A2b
In the following the variable Y (of Y ) will be taken
to represent temperature and X (or X ) time relative to the
maximum undercooling point on the cooling curve.
A.1.2 Homogeneous Differential Equations
a) General Solution
i) Forward Difference Mode
2 2Eq. A2a can be written as d Y/dX + 2*dY/dX - 2*A = 0. 
Multiplying the third member by Y/Y, and redefining A/y = Z, 
gives:
d 2Y/dX2 + 2*dY/dX - 2*Z*Y = 0  A3
If Z is considered to be constant in the close neighbourhood 
of X, Eq. A3 becomes a first decree, second order differential 
equation, the general solution of which is:
Y =,C1*exp(M1*X) + C 2*exp(M2*X) A4
where 2 are the roots °f the auxiliary quadratic equation 
2M + 2*M - 2*Z = 0, and 2 are the integration constants.
The roots are:
M x 2 = -1 +- (1+2*Z)1/2 A5
V
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2*A = 0. 
A6
A l  
2*Z = 0
A8
The roots M. 0 in Eq. A4 and Eq. A7 are not the same,X / ̂
and therefore the integration constants 2 these equa­
tions are different also.
If two close points on the curve are considered, the 
integration constants can be calculated for either the for­
ward or backward difference mode. The values of the roots 
can be determined, for the expression for Z = (dY/dX)/Y (Z= 
const.) gives upon integration ln(Y)/X = Z + C ff ^
j
b) Hyperbolic Solution
Eqs. A4 and A l  can also be expressed as:
Y = exp(-+X) * [ci*exp(+R*X) + C 2*exp(-R*X)] A9
1/2where R = (1+-2*Z) , and where the double sign denotes
respectively the forward and backward difference modes.
<
ii) Backward Difference Mode • ^
2 2• Eq. A2b may be written as d Y/dX' - 2*dY/dX + 
Applying the above mathematical treatment gives:
d 2Y/dX2 - 2*dY/dX + 2*Z*Y = 0 
the general solution of which is,
Y '= C jL*exp(M1*X) + C 2*exp(M2*X)
» 2 The roots'of auxiliary quadratic equation M - 2*M +
are:
2 = +1 +- (1-2*Z)1/2
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A4
. Since,
'  exp(+R*X) = cosh(R*X) + sinh(R*X), and 
exp(-R*X) = cosh{R*X) - sinh(R*X),
.Eq. A9 becomes:
Y = exp (-+X) * [(C1+C2) *cosh (R*X) + (C^-C^) *sinh (R*X) ] A9a
Eq. A9a can be simplified by reducing it to the form:
Y = exp(-+X) * C*cosh(A+R*X) A10
according to the following:
C*cosh(A+R*X) = [C*cosh(A)J *cosh(R*X) + (C*sinh(A)J*sinh(R*x)
All
The comparison with Eqs. A9a and AlO gives C^+C2 ^ G * c o s h  (A) 
and C^-C2 = C*sinh(A). On squaring and subtracting these two 
expressions, C 2*[cosh2 (A) - sinh2 (A)l - (C +C_)2 - (C,-C.J2
r ‘ 1 2 1 2
2and since cosh- (A) - sinh (A) = 1, it follows that:
C - 2*(C1*C2)1/2 Al-2
In order to determine A, the relations to be considered
are:
[c*sinh{A)J/[C*cosh(A)] = fexp(A)-exp(-A)] / [exp(A)+exp(-A)]
and,
[c*sinh (a1 J / [c*cosh (A)"] = {C1~C2) / (C^^+C^.
On subtraction and reduction of terms: 
exp(2*A) = (C1/C ),
or,
A = (1/2)*ln(C1/C2) Al3
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Introduction of Eqs. A12 and A13 into Eq. A10 .gives 
the simplified form of fiq̂ . A9a, viz.
Y = 2*(C1*C2 )1/2 * exp (-+X) * cosh [(1/2) *ln(C1/C ) + R*xj
^ A14
Redefining- K- = 2* (C1*C2) 1/2 and K2 = (l/2*ln K^/C^) , Eq. •
A14 becomes:
Y = K 1*exp(-+X) * cosh (K2 + R*x) Al4a
If several points on a curv.e are considered, each of which 
require different values for the constants, Eq. A14a for any 
point can be expressed as:
Y = K„ , * exp(- + X ) * COSh(K_ _ + R *X ) Al5n 2n+l L n 2n+2 n n
«
where n is the subscript of the point considered, K2n+1 an<̂
K2n+2 are the odd and even subscripted constants respectively
1/2and R = (1+-2*Z ) is the exponential coefficient, n * n
c) Simplified Forms of HyperbolicT'S^lutions
\
For sufficiently large values ° V n  (e-g *' Xn > V '  
and depending on the magnitude of R^ and ^2n+2' cos*1
function in Eq. A15 may be reduced to an exponential function 
while still leaving sufficient accuracy for the purpose of 
this investigation. This is evident from the exponential 
form of the cosh function, in which relatively small members 
associated with negative exponential factbr^-frray- be neglected
\
\
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A  6
i) ^ Forward Difference Mode*
The exponential form of Eq. A15 for the forward 
difference mode becomes:
Vn = K2n+l/2* t<“ e[K2n+2+(Rn-1,*X „J + exp-tK2n+2+(Rn+1) *XJ  )
A16
For X > 0  and (K. ,- I <<(R +-1)*X Eq. A16 becomes: n 2n+2 1 n n
-v
1) for R > 1 ,  the second exponential member may ben
neglected to give:
Yn “ K2n+l/2*ex^ K2n+2+(V 1)*Xn] A2f a
2) for R = 1, the second exponential member may be
neglected, and since the variable part of the 
first member is zero,
Yn ' K2n-H/2*eXplK2n+2) A16b
3} for R = 0,n
Y = K. *exp(-X )*cosh(K 9) A16cn 2n+l n 2n+2
4) for 0 < Rn <■— 4̂ , depending on the magnitude of R^ 
(whether closer'' to 0 or 1) , any o %  Eqs. Al6a, A16b 
or Al6c can be used;
5) for R^ = -1, the first exponential member can be
omitted, and since the variable part of the second
member is zero, '\^
Yn ' K2n+l/2*exp- (K2n+2> A16d
* The forward’ difference mode is applied for the cooling 
curve segment in > 0 region.
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6) for R < -1, the first member becomes negligible,< n
and,
Y = K_ Al/2*exp-[K. .,+1r  +1)*X ] A16en 2n+l L 2n+2 • n nJ /""'r
1 ) for 0 > R > -1, depending on the magnitude of
(whether closer to 0 or -1), any of Eqs. Al6c,
A16d, or Al6e c^n be applied.
\
ii) Backward Difference Mode*
For the backward difference mode, the exponential form 
of Eq. Al5 is:
yn = K2n+i/2*,lltP[K2n+2+' V 1)*Xnl + e*P-[K2„+2+(R
A17
Under the assumption that X < 0 ,  i.e., for negative times,
V
and |K. ^  I << (R +-1)*X , Eq. A17 becomes:1 2n+2 1 n n
1) for R > 1, the first exponential member may be
neglected to give:
Y„ = K2rt+l/2*exp-[K.2n+2+(V 1)*XJ A1?a
2) for R = 1 ,  the first member is negligible and then
variable part of the second member is zero, giving
Y = K. /2*exp-(K ) Al7bn 2n+l 2n+2
3) for R ‘= 0,n
Y = K. *exp(+X )*cosh(K ) A17cn 2n+l n 2n+2
* The backward differentiation mode is applied on cooling 
curve segments for which < 0.
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A 8
4) for 0. < < 1 ,  depending on the magnitude of
any of Eqs. A17a, £17b, or Al7c can be used;
5) for R^ = -1, the second member can be neglected, 
and since the variable part of the first member 
equals zero, ‘
. Yf l O K 2„+l/2*exe (K2n+2> A17d
6) for R '< “1/ the second member is negligible, and,
*
Y = K_ '/2*exp[K_ i0+(R + 1)*X 1 " AlZen 2n+l . L 2n+2 n nJ
7) for 0 > R^ > -1, depending on- the magnitude of R^,
rany of Eqs. Al7c, A17d, or Al7e can be used.
By taking logarithms of Eqs. Al6a through Al7e, equa­
tions of straight lines are obtained, the intercepts being
"'■H ̂ 2'n+l^^^ +_ ^2n+2' anc  ̂ *"he s^°Pes +~(R +1) respectively. 
These logarithmic expressions are the fundamental equations 
required for the curve fitting process, and from which the 
values of the odd and even subscripted constants are selected 
to satisfy all the points considered. A single functional 
relation between all the points of the cooling curve (or . 
segments) can'be established by an appropriate selection of 
the constants. >
d) Trigonometric Solution
If in either Eq. A5 or Eq. A8 the member under the 
square root is negative, the roots of auxiliary quadratic 
equation are conjugate imaginary, i.e., ^ = -+1+-R*i,
where R = | (1+-2*Z) where the double sign in front of 1
and under the square root denotes the forward and backward
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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differentiation modes. For this case the general solution of 
Eqs. A3 and A6 can be expressed as:
/
Y = e x p(-+X) * [Cy*exp(+R*i*x) + C2*exp(-R*i*X)] A18
The^ mathematical operations used in obtaining the hyperbolic 
solutions can also be applied to Eq. A18, resulting in the 
trigonometric solution given by:
* exp C-+X ) * cos (K_ _+R *x ) A19n 2n+l n 2n+2 n n-
1/2
where K2n+ 1 = 2‘ (C2n+l*C 2n+2> and K2„+ 2 = *lr'(C2„+l/
l~ 2 n + 2 ^ are t*le oc^  an<  ̂ even subscripted constants respectively
J t.
Physically, the cooling curves cannot include imagin-
ary solutions (which describe oscillating systems) so that no
. further consideration is given to trigonometric solutions of
tlve basic equations.►
A.1.3 Nonhomogeneous Differential Equations and 
Their Solutions 
It was noted earlier that only the first three terms 
of the Taylor series representations of the function are used 
in the derivation of the basic equations. The accuracy of 
the function can be further improved by including higher 
derivatives besides those considered in Eq. A2. The resulting 
linear differential equations would thus be of the third> 
fourth, and the higher order, with the respective cubic/ 
quadratic, and higher power auxiliary equations.. Solutions 
of these are not readily available, although possible. An 
equivalent but more tractable approach is the nonhomogeneous
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
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differential representation for function approximation. The 
appropriate form of nonhomogeneous differential equation con­
sidered for both differentiation modes is:
d Y/dX2 +- 2*dY/dX -+ 2*Z»Y = f(X) A20
' I
where f(.X), being a function of independent variable X, and 
compensating for the error Q{X) in Eq. Al, is a further 
approximation of the function describing the curve. Assuming 
that the form of f(X) is consistent with the form of the com­
plementary function, the general solution of nonhomogeneous 
differential equation A20, being the sum of the complementary 
and particular solutions, is (21):
Y = [ci*exp(Ma *X) + C 2*exp(M2*X)] +
+ fc3*exp(N1*X) + C4*exp(N2*X)] A21
where to are integration constants, and , M 2 and N£, 
N 2 are the roots of the auxiliary quadratic equations for 
each particular solution. By considering still further 
.approximations of Eq. A20, additional members may be added 
to Eq. 21. Each member in square brackets can be developed 
in hyperbolic or trigonometric'1 forms as already described.
For the purpose of thig investigation general solu­
tions of homogeneous differential equations (representing 
the first approximation of the function only) give satisfac­
tory results, and therefore solutions for the nonhomogeneous 
differential equation case will not be considered further.
f
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A. 2 Curve Fitting Method
A.2.1 Application of Simplified Hyperbolic Solutions 
of Homogeneous Differential Equations
For each point on the curve in i.ts logarithmic form 
shown in Figure Al, one of Eqs. Al6a through Al7e in'their 
logarithmic form can be.applied. The straight lines (tangents) 
obtained, e.g., for the forward difference mode and R > 0 ,f t n
are shown schematically in Figure A l , the general form of
which is ln{Y ) = ln(K_ ,n/2) + k* _ + (R -1)*X . The n 2n+l 2n+2 n n
straight line equations -for the four points considered are:
^ n ( Y Q) = ln(K1/2) + K 2 + <R0-1)*X0* A22a
In CYx) = ln(K3/2) + K 4 + (R1-1)*X1 A22b
ln(Y2) = ln(K5/2) + K& + (R2~1)*X2 A22c
ln(Y3) = In(K?/2) + K g + (R3~1)*X3 A22d
•
If an appropriate relation is'to be established among the
points, values of the constants will have to be appropriately
adjusted and included into an equation capable of satisfying
all four points considered. The general form of such an
*equation is:
ln(Yn ) = [in (k^^/2)+k2] -+ [in (k3/2 )+k4 j -+ [ In (k^/2)+kg ] -+ 
-+ . * k 2J  . (Rn- D  *Xn A22
** X q is not necessarily at the point of origin.
&
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ln(Y_) = ln(K„/2)
l r ( Y . )
ln( Y ) ln(Y ) = ln(K./2)
XX X X,2o n
Figure Al Schematic representation of simplified 
hyperbolic solutions (logarithmic form) 
of homogeneous differential equations 
as straight lines (tangents) at four 
points considered on a curve segment.
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-b
where m is the total number of points considered (1 to- m) , 
and n is the subscript (0 to m-1) for each point.
The development of A22 can be illustrated from Figure
A23
where ln(YQ^), denoting the ordinate of the straight line
represented by Eq. A22a at X^, is given by:
ln(YQ1) = ln(K1/2) + K 2 + (RQ-1)*X1 A24
Substituting Eqs. A22a and A24 into Eq. A23 gives:
ln(Y1 ) = [ln(K /2)+K2+(R0-l)*X1 ] +
+ [ln(K3/K1 ) + (K4-K2) + (R - ^ ♦ X j  A23a
i
1
At X2 the ordinate qan be expressed as:
ln(Y2) = ln(Y12) + [ln(Y2) - ln(Y12)] A25
where ln(Y^2) denotes the ordinate of the straight line 
represented by Eq. A22b at X2 - It is evident^^bm Fig. A2
that:
ln(Y12) = l n (Y02) + Iln(Yi2) ln(Y02^ ' 
which if substituted into Eq. A25 gives:
ln(Y2) = ln(Y02) + [ln(Y12)-ln(Y )] + [ln(Y2)-ln(Y )] A25a




l n {  Y J
y - l n ( Y
l n ( Y . ) - l n ( Y _ )
l n ( Y J
Figure A2 Schematic representation of ordinates 
at each abscissa as partial intercepts 
by tangents (log. form of simplified 
hvperboli solutions) drawn to the right 
hand side of each point considered.
o»'
C '
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Since,
ln(Y02) = ln(Kx/2) + K2 + (R -1)*X2
ln(Y12) =  ln(K3/2) + K4 + (R -1)*X2 ,
substitution of these and Eq. A22c into Eq. A25a gives the 
expression for the ordinate at X 2 :
ln(Y2) = [ln(K1/2)+K2+(R -1)*X2] +
+ fln(K3/K1 ) + (K*4-K2 ) + (R1-R ) *X ] +
+ [ln(K5/K3)+(K6-K4 )+(R2-R1)*X2] ' A25b
Similarily, the ordinate at X^ is expressed as:
ln(Y ) = fln(K1/2)+K2+(R0-l) *X3 ] +
+ [ln(K3/K1)+(K4-K2)+(R1-R0)*X3] +
+ [ ln{K5/K3) + {K6-K4) + {R2-R1) *X3] +
+ [ln(K7/K5)+(Kg-K6)+(R3-R2)*X3] A26
This process is continued until all the points considered are
accounted for.
The arrangement of Eqs. A22a, A23a, A25J? and A26 in
ascending order according to their subscripts results in a
triangular set of equations,, from which is evident that only
Eq. A26 conforms with Eq. A22. If establishment of appropriate 
«■
relations for the entire curve is sought, the remainder of the 
equations in the triangular set must conform as well. This in 
turn will result in a square set of equations each having all
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the features of Eq. A22. Explanation of this process is 
aided by Figure A3. * / I
The composite expression for the ordinate/at is:
In (Yq ) = ln(Y2Q) + [ln£Y1Q)-ln(Y20)] + [in (YQ) -In (Y1Q)j A27 
Since the expressions for partial intercepts at are:
ln{Y10) = [ln(K3/2)+K4+{R1-l)*X0] and
ln(Y2Q) = [ln(K5/2)+K6+(R2-l)*XQ] ,
the differences in Eq. A27 are:
ln{Y10)-ln(Y20) = - [in (K5/K3) + (Kg-K4) + ( R ^ R ^  *XQ] and
In (YQ ) -ln(Y ) = - [ln(K3/K1) + (K4-X2) + (R1-R()) *XQ] .
Eq. A27 thus becomes:
In(Yq) = [ln(K5/2)+K6+(R2-l)*XQ J -
- [ln(K3/K1) + (K4-K2) + {R1-R0)*X0 ] -
- [ln(K5/K3)+(K6-K4)+(R2-R1 )*X0] A27a 
The composite expression for the ordinate at X^ is:
ln{Y1) = ln(Y21) + [in (Y^)-In (Y^)] + [in ( } -In (Y 3)] A2 8 
Since the expression for the partial intercept ln(Y23) at X^
i s :
ln(Y21) = ln(K5/2) + Kg + (R -R )*XX ,
the differences in Eq. A28 are:





S l n ( Y 10)-ln(Y2 )̂ 
ln( Y ) -ln(Y. )
Figure A3 Schematic representation of partial
intercepts on the ordinates generated 
by tangents drawn on both sides of 
each point considered.
I
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ln(Y21)-ln(Y01) = +[ln(K5/K]L) + (Kg-K^ + (Rj-R q ) * X j
and,
ln(Y1 )-ln(Y21) = - [in(K^/K^) + (Kg-K^) + (R2~R^)*X J  .
The composite expression for the ordinate at X^ becomes:
ln(Y1 ) = [ln(K1/2)+K2+(R0-l) *xj
+ [ln{K5/K1) + (K6-K2) + (R2-R0)*X1]-
- [ln(K5/K3) + (K6-K4 ) + (R2-R1)*X1] A28a
Further, the composite expression for the ordinate at X2 is:
ln(Y2> = ln(YQ2) + [ln(Y 2)-ln(YQ2)] +[ln(Y2)-ln(Y12)] A29
and since the expression for the partial intercept ln(Y^2 ) is:
ln(Y 2) = ln(K1/2)+K2+(R0-l)*X2 
the differences in E q . A29 are:
ln(Yl2)-ln(Y02) = [ln(K3/K1) + l(K4-K2 ) + (R],TR0) *X2] ,
and,
ln(Y2)-ln(Y12) = [in (K5/K3) + (Kg-K4) + ( f ^ V  *X2J .
The composite expression for the ordinate at X 2 is thus: 
ln(Y2) = [ln(K1/2)+K2+(R0-l)*X2] +
' + [ln(K3/K1)+(K4-K2)+(R1-R0)*X2]+
+ [ln(Ks/K )+(K&-K4)+R2-R1)*X2 J A29a
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XSimilarily, the composite expression for the ordinate at X^ 
and other points can be obtained.
By adding Eqs. A22a and A27a, and rearranging terms, the 
final composite expression for the ordinate at Xg is:
ln(YQ) = (1/2)* [ln(K5*K1/4) + (Kg+K2) + (R2-RQ-2)*XQ J -
- (1/2)* [ln(K3/K1) + (K4-K2) + (R1-Rq )*X0 ] -
- (1/2)* [ln(K5/K3 ) + (Kg-K4) + (R2-R1)*XQ j A27b
By adding Eqs. A22b and A28a, the final composite expression ’ 
for the ordinate at is: v ^
ln(Y1) = (1/2) fln(K5*K1/4) + (Kg+I^) + (R2-RQ-2) * X x 1 +
+ (1/2)* [ln(K3/K ) + (K4-K2) + (R1-R q )*X;lJ -
- (1/2)*[ln(K5/K3) + (K6-K4) + (R2-R1 )*X1J A28b
Similarily, the final composite expression for the ordinate 
at X2 'is given by:
ln(Y2) = (1/2)* [ln(K5*K1/4) + (Kg+K^) + (R2-RQ-2) *X2] + .
+ (l/2)*[ln(K3/K1) .+ (K4-K2) + (R1-RQ )*X2 J +
’+ (1/2)*[ln(K5/K ) + (Kg-K4) + (R2-R )*X2] A29b
Note the sign change from negative to positive in front of
square brackets successively on moving from n = 0 to n = 3.
Generally, the final composite expression for the
ordinate at X for m number of points considered on a curve n r
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segment is: t
In(Y ) = (1/2)* [ln(K. ,*K./4) +. (K,+K,) + (R -Rn-2)*X J -+ n 2m-1 1 2m 2 n u n J
-+ (l/2)*fln(K3/K1) + (K4-K2 ) + (R1-RQ)*Xn ] -+
-+ (1/2)*[ln(K5/K3) + CK6-K4) + (R2~ri)*xn l "+
+ (K2m-K2m+2) + (V Rn-l>
A30
Eq7~^30 is identical to Eq. A22, since all the constants in 
Eq. A30 cancel out except those having the subscripts perti­
nent to the original equation of the tangent at the point 
considered, and that all the variable members cancel out as 
well, except those having the subscript applicable to the 
point considered.
Inequations A30 for each point considered are arranged
in ascending order according to their subscripts, the square
set of equations is obtained. Double signs in front of the
embers in square brackets are indicative of the progressive 
sign change toward the bottom right hand corner of the set.
By redefining the constants, and reducing the variable parts 
(which are the members having exponential coefficients) into 
their shortest form, the square set of equations can be ex­
pressed as:
ln(YA) = (c +c ] _ — [c +c ... - fc +C L  + (R — 1) * X 10 1 o e Jl 1 o e J 2 L o e->m o o
In (Y. ) = fc +c J.+ fc +c ] ... -fc +c ] + (R.-1)*X1 21 L o eJ 1 1 o eJ 2 1 o eJm 1 1
ln(YA) = [c +c j.+fc +C ]_+ ... -Fc +c ] + (RA-1)*XA 32 L o e Jl 1 o e j2 1 o e Jm 2 2
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ln{Y ) = (c +c 1-, + fc +c "L + ... + [c +c 1 + (R -1)*X mn • I o e !l L o e J2 L o e-Jm n n
%
where c q and are the odd and even subscripted constants 
respectively, or:
[ ■ V V l l  ="[ln(<K2nl-l*Kl)1/2/2> + (K2n1+K2, / 2 'l = ! > < V 2)**2 ]
[=l+ce ]2 = [ln<(K3/K1)1/2) + <K4-K.,)/2] = [ln(k3/2)+k4j 
fco+cell = [ln((K5/K3)1/2) + (K6-K4)/2] = [in (kj/2) +k6 ]
K +Cel>n‘= [ln((K2m -l/K2m-3ll/2) + (K2m-K2K,-2>/ 2 l =
= [ln<k2m-l/2) + k2ml •
It is evident from these equations that they are com­
posed of as many unit members (in square brackets) as there 
ajj£ points i& consideration. Each unit member in Eq. A30 
represents the mean value of the function between two adjacent 
points, except the first one which gives the mean value be­
tween the two extreme points-
A.2.2 Square Matrix and Computation of Constants 
If the variable member in each line of the square set
is transferred to the left hand side, and all the constants
are left on the right hand side, the square matrix obtained 
consists of m number of rows and twice as many columns, i.e.,
= fc ,+c ,-c _-c _-c -c - ... -c -c 1 10 *■ ol el o2 e2 o3 e3 om em i
L, = fe t+c .,+c „ + c _ —c .-c - ... -c -c ] 2^1 L ol el o2 e2 o3 e3 om emJ
L- = f C ,+C , + C  _+C -, + C ... -c -c l £2 1 ol el o2 e2 o3 e3 om emi
w«P permission o, ,i,e copyright owner. F„„her ^  ̂
are the odd and even subscripted constants respectively.
* K
In* order to calculate -the values of all the constants, 
an initial value of either the odd or even subscripted con-
0
stants in each point considered is arbitrarily set, and the
initial values of the remaining constants are calculated from
Eqs. A22a through A22d (or Eq. A30). For example, for n = 0,
Eq. A30 is reduced to Eq. A22a, for n = 1 to Eq. A22b, and so
forth, and for n = n to ln(Y ) = ln(K_ ,/2)+(R -l)*x . The
4 n 2n+l n n
initial values of both the odd and even subscripted constants 
thus obtained are introduced into the square matrix, from 
which new values of the constants are computed. Since there 
are twice as many constants in each line of the square matrix 
than there are equations available, and since all their co­
efficients are one, the final value of each constant is ob­
tained by an iterative procedure capable of making each con­
stant converge to a definite value. This iterative procedure
the final equation satisfying every point considered on the- 
cooling curve (or within the segment) is given by:
is continued until 'the values finally obtained give a suffi­
ciently. accurate re f the cooling curve. Thus
A 3 1
where the odd and even subscripted constants C and C^ o e
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respectively are referred to as the constant solidification 
parameters, and possess definite values characterizing 
significant features of the cooling curve:
for any R value for either the forward or backward differ- n
ence modes. For the backward difference mode the even sub­
scripted constants in Eq. A31 already include the negative J  
sign peculiar to the differentiation mode adopted in develop­
ing the basic functional relation for each point.
A.3 Exponential Parameter R
Throughout foregoing discussion the exponential coef-
Cy_
ficient (parameter) R vor has been considered to be con­
stant in the close neighbourhood of the point. For
infinitesimal distances the expression for R (c.f. Eq. A9) 
becomes a differential equation, i.e.,
since Z = A/y may'be replaced by (dY/dX)/Y. Rearrangement of 
terms gives:
The entire iterative process, as part of the computer 
program designed for computation of the constants, is given
in Appendix B.
An identical curve fitting procedure as used above for
%
the forward difference mode and R^ > 0 can also be developed
R = [l +- 2 * (dX/dY)/Y]1/2 A32
(R 2-l) dX = +-2*dY/Y,
can be integrated to give:
(R2 — 1) *X + C = +-2*ln(Y) + C x y
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If the integration constants and are arbitrarily set 
to zero,-the equation for R becomes:
R = [ 1 +- 2*ln(Y)/x]1/2 A33 '
or, '
Y = exp + - [(R2-1)/2]*X A33a
Since R is the function of two variables (c.f. Eq.
A33), namely R = F(X,Y), the implicit differentiation (for 
constant R) gives:
/ dY/dX = - (3F/3X)/(3F/3Y) A34(
Moreover, R may also be considered as a function of variables 
A and Y, namely R = f(A^Y), both of which are functions of X. 
The total differential of R is then:
dR/dX = (.3 f/3 A) * fdA/dX) + (3 f/3 Y) * (dY/dX)
>»
Since, dA/dX = (d/dX)(dY/dX),
dR/dX = (3f/3A) * (d 2Y/dX2) + (3 f/3 Y) (*dY/dX) A35
*
The second part of the first member on the right hand side of 
Eq.. A35 is the second derivative of the function describing 
R. By substituting Eq. A34 into the second member on the 
right hand side of Eq. A35:
dR/dX = (3f/3A) * (d ̂ / d X 2) - (3 f/3 Y) * (3F/3X) / (3F/3 Y) A35a
However, in the vicinity of the point considered R is not 
generally constant, and thus (3f/3Y) = (3F/3Y). By further 
assuming that (3f/3A) ~ (3F/3X), Eq. A35a can be simplified
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to give:
dR/dX = (3R/3X) * (d2Y/dX ̂ 1) A36
From Eq. A33, for R ^ const., it follows that:
3F/3X = -+[ln(Y)/X2] * [l+-2*ln(Y)/x]“1/2 A33a
and,
3F/3Y = h—  [ 1/ (X* Y) j * 1 + [2*ln(Y)/X j_1/2 . . A33b
which on substitution into Eq. A34 gives:
dY/dX = +-Y*ln(Y)/X A34a
where the double sign denotes the forward and backward 
difference mode. Integration of Eq. A34a gives the implicit 
form of the function for R ^ const., viz.,
+-ln [in (Y)] =" X 2/2 + C A37
which in its explicit form is:
Y = h—  exp[exp(X2/2 + C)] A37a .
(Note the difference for the explicit form of the function 
for R = const, given by Eq. A33a).
Differentiation of Eq. A34a gives the second derivative 
of the function, i.e.,
d 2Y/dX2 = Y*ln 2 (Y) /X 2,
which upon substitution into Eq. A36, together with Eq. A33a 
gives:
dR/dX = - + [ln(Y)/X2l *[l+-2*ln(Y)/x]“1/2 * [ Y*ln2 (Y) /X 2-l]
A36a
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Rearrangement of terms and redefinition of functions gives: 
dR/dX = -+A* (B-X *) *X~7/2* (X+-2*A)-1//2 • A36b
where A = ln(Y), and B = Y*ln2(Y).
Separation of variables and integration of Eq. A36b
'gu.vfes the expression for R, i.e.,
R = -+A*/(B-X2 ) *x-7/2* (X+-2*A)-1//2dX A38
Integration by parts of Eq. A38 is done by setting,
r  = — h a * fU*V - /(VdU)j A39
where,
U = B-X2,
and' dV = X_7/2*(X+-2*A)_1/2dX .
From the latter,
v = /x-7//2* (X+-2*A) ~1/,'2dx :
1/2Substitution for (X+-2*A) = G gives,
X = G 2 -+ 2*A, •
and, *
dX = 2*GdG ,/ >
so that the expression for V becomes:
V = 2 * / (G2-+2*A) “7//2dG
which integrated gives (21,26)
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V  =  - + G / 5 * A * ( G 2- + 2 * A ) 5 / 2  + 2 * G / 1 5 * A 2 * ( G 2- + 2 * A )  3 / 2  - +
- +  2 * G / 1 5 * A 3 * (G 2- + 2 * A ) 1 / 2
Substituting for G gives:
V = - + ( x + - 2 * A ) 1 / 2 / 5 * A * X 5 / 2  + 2 * ( X + - 2 * A ) 1 / 2 / 1 5 * A 2* X 3 / 2  - +
- +  2 * (X + —2 * A ) 1 / 2 / 1 5 * A 3 * X 1 / 2
Since U = B - X  2,
U*V = [ ( X + - 2 * A ) 1 / 2 / 5 * A  ] *  [ - + B / X 5 / 2  + 2 * B / 3 * A * X 3 / 2  - +
- +  2 * B / 3 * A 2 * X 1 / 2  * £ ^ V X 1 / 2  -  2 * X 1 / 2 / 3 * A  - +  2 * X 3 / 2 / 3 * A 2]
Since du = -2*XdX,
r*dU = [2*(X+-2*A)1/2/5*a ] * [+-1/X3/2 - 2/3*A*X1/2 +-V y
+-2*X1/2/3*A2 ] dX
from which,
/ [Vdl/p" = +-(2/5*A)*/[(X+-2*A)1/2/X3/2]dX - (=AA)
-(4/15*A2)*/[(X+-2*A)1/2/X1/2]dX +- (=BB)
+ - (4/15*A3)*/ [ (X+— 2*A)*X1/2]dX (=CC)
A41
Separate integration of AA, BB, and CC using the identical
1 /2substitution for (X+-2*A) = G gives (21,26):
AA = -+4*(X+-2*A)1/2/5*A*X1/2+-4*ln [(+-2*A)1/2+X1 /2|/5*A 
BB = - 4 * (X+-2*A)1/2*X1/2/15*A2-+8*ln [(X+-2*A)1/2+X1/2J/15*A
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CC = +-2*(X+-2*A)1^ 2*X3/2/15*A3+2*(X+-2*A)1/2*X1/2/15*A-+
-+4*ln [(X+-2*A) 1/2+X1//2]/15*A 
which on substitution into Eq. A41 gives:
/ [v*du] = [(X+-2*A)1/2/5*A I* [-+4/X1/2 +- 2*X1/2/3*A +-
+- 2*X3/2/3*A2] A41a •
Introduction of Eqs. A40 and A41a into Eq. A39 gives:
R = f(X+-2*A)/x]1/2*[2*B/5*X2-+2*B/15*A*X+2*B/15*X-l]
Since A = ln(Y) and B = Y*ln2 (Y), the final expression for R 
for either the forward or backward difference mode is given 
by:
R = [l+-2*ln(Y}/x]1/2* « X
* fY*ln2 (Y)/5*X2-+2*Y*ln(Y)/15*X+2*Y/15-l]+CJ n
A42
Eq. A42 is the expression for R constant) used in 
this investigation. The first member in square brackets is 
identical to Eq. A33, i.e., to the expression for R = constant.
The second member is a power series for ln(Y)/X, the highest 
power being 2, since the original expression for R was 
derived from the auxiliary quadratic equation of the first 
^degree, second order differential equation (c.f., Eqs. A5, A8, 
and A 9 ) . In this form the second member may be considered 
a correction factor resulting from the variation in R.
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APPENDIX B 
COMPUTER PROGRAM FOR 
CALCULATION OF CONSTANTS
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31
A J 0 9  W A T P I V  X X X X X X X X X X  N A M E — SPlrffc BUJ 
C  N O D U L A R  1H C N  S O L I C I F I C A T I O n  C U R V E S
1 real xp(iat.yp<ta>-X(ja)-y(1 a).H(as).xx(331.yvc35)
2 C O M M O N  ✓AHEA lXX l.t  8SJ ♦Tl.l a3)y’AB£A2>'Cl.«.ro)/AB£A3y'T: ( 8SJ . C r < O S J  . 
X T lCYt B S 1/ A B C  A A / X I  H I T / A B C A S / A ( i a ) / * R E * 6 / M f / * R E A 7 / X Z £ 8 Y
3 R E A D . * . T E M P . C X P ( X  >. I * 1 . M ) . I Y P X 1 ) . 1 - I-XI
C  X P I I )  A N D  T P tXJ A B C  P R E L I M I N A R Y  V A L U E S  O P  C O O R D I N A T E S  FOR' E A C H  
C P O I N T  XN  C O N S I D E R A T I O N  o n  t h e  C U R V E .
C  M 15 T H E  n u m b e r  O P  P O I N T S  I N  C O N S I D E R A T I O N  C C O O R O I N A T E S  X P I I I .
C Y P X I J I  A R B I T R A R I L Y  S E L E C T E D  A T  R a n d o m  P R O M  T H E  G R A P H .C TEMP IS The maximum RECORDED TEMPERATURE I PEAK TEMPERa TUREJ.
A s' X I N I T - 4  6 .
-C X I N I T  IS T H E  i n i t i a l  v a l u e  O P  X X (I ) - T I M E  IN S E C . 4 l - E .  X X I I ) .
C A R B I T R A R I L Y  S E L E C T E D  A P T E R  I N T E R P C L A T I O N S  B E T V E E N  T » a  A D J A C E N T  
C P O I N T S  HAVE- B E E N  c o m p u t e d  B Y  5 U 8 P P C G R A N  X A N Q Y .
C X I I )  A N D  YI I ) a r e  v a l u e s  o p  XP< I ) a n d  Y P t I  ) N O R M A L I Z E D  B Y  I K E  
C T I M E - T E h P E R A T U R E  C O P P E C T I O N  F A C T O R  ( T T P A C T ) .  XXI I ) A N O  Y Y U )  a r e  
C R E S P E C T I V E  r e n a m e d  V A L U E S  O P  X ( I )  A N O  Y I I )  T O C E T H E R  MX TM a o d i t i o - 
C N A L  In t e r p o l a t e d  v a l u e s  P O R  XXI I ) A N O  Y Y < I  ) B E T W E E N  T w o  A D J A C E N T  
C P O I N T S .
5 X Z E R Y » - 7 0 .
C T H E  v a l u e  CP Y P ( I )  R £ A O  P R O M  T h E C R a P h  I M M E D I A T E L Y  A P T E R  T H E  X Z E R Y  
-C P O I N T  I XPrt I ) ■ x Z E R Y  ) S H O U L D  R E  AO ZERO .
6 P R I M  70
7 70 P C R M A T (✓/♦ * , « N O O U L A R  I R O N  S O L I D I F I C A T I O N  C U R V E  » 3 '/ / /
X* • • • X P I I )  -  P R E L I M I N A R Y  V A L U E S  P O R  T I M E S  ( I n  S E C . )  R E L A T I V E *  
X/* * * * T O  THE L O W E S T  U N D E R C O O L I N G  P O I N T  R E A D  AT R A N D O M  F R O M * /
X* • . •T H E  G R A P H * )
a p r i n t  a i . (x p < i ) . x - i . m )
9 ai F O R M A T (* * . I 0 ( F T . 2 . 2 X )/•• •. I 0 < P 7 . Z . 2 X ) )
10 P R I N T  82
11 82 F O R M A T ( / * *• •Y P ( I ) -  P R E L I M I N A R Y  V A L U E S  P O R  T E M P E R A T U R E S  (I n  •
X/* • • • D E C .  P A H R . )  r e l a t i v e  T C ' T h E L O W E S T  U N O E R C O O L I N G  P G I N T * /
X* • • • R E A D  AT R A N D O M  P R O M  Th E C R A P H * )
12 P R I N T  8 3 . ( Y P t I ) . 1 * 1 .M) -
13 83 P C R m a T(» • . 1 0 < F T . 2 . 2 X )/* • . 1 0 ( P 7 - Z .2 X  ) )
1« P R I N T  2 C . T E M P
C T E M P  IS THE M A X I M U M  R E C O R D E D  T E M P E R A T U R E  O P  L I O U I O  M E T A L  A F T E J  
C M E T A L  h a s  B E E N  P G U R E O  I N T  0 R E C O R D I N G  C u p  E O U I P E O  v I T H  C H R .  a l - 
C T H E R M O C O U P L E
t» 20 P C R M A T (//* 1 . " P E A K  T E M P E R A T U R E  R E C O R D E O  : * . P S . Z . *  OE i .  P* 1
13 T T F A C T - 2 2 0 0 - / T E M P
17 P R I N T  J O . T T F A C T
IS 30  P O R M A T t *  • • • T E M P - T I M E  C O R R E C T I O N  F A C T O R  I ’ .FS.A.)
19 P R I N T  til
2 0  111 F O R M A T  <// • • • • M E T A L  C H E M I S T R Y  :•//• • . *C 3 . A S  5 • / •  *•
X*SI 2 . 7 3  ! • / •  • • • M N  . 6 8  !•/ • • • • C R  - IO I V  ••
X * C U  - I A  X * / *  • • • A L  . 0 1 6  X*/*  • • • M G  . 0 4 2  X * / *  ••
X * S  . 0 0 7  X * / / / )
21 D O  AO 1 * 1 .M
22  XI D - T T F a C T a x PI I)
23 AO Y ( X ) * T T F A C T * Y P (I )
2A K * M A 2
2 5  C A U L  X A N O Y ( M . N . X . Y . X X . Y Y )
C  S U B P R O G R A M  X A M O Y  C A L C U L A T E S  T H E  A V E R A G E  V A L U E  F O R  XI I )  B E T W E E N  T w O  
C A D J A C E N T  X I I )  V A L U E S . A N O  F I N O S  T H E  I N T E R P O L A T E D  v a l u E F O R  T(I)
C B E T W E E N  T y O a d j a c e n t  Y( I) V E L U E S .
26  v l - n - 1
27 s C * 2 * M L
2 8  P R I N T  6 9
29 69  P O R M A T t *  • • • X X t l )  - X P ( I )  V A L U E S  N O R M A L I Z E D  BY T H E  T I H E - V
x* * •• t e m p e r a t u r e  c o r r e c t i o n  f a c t o r , a n d  c o r r e s p o n d i n g  a v e r a g e *
X/' • • • V A L U E S  B E T W E E N  T W O  A O J A C E n T -P O I N T S •)
30 P R I N T  8 4 . < X X ( I ) . 1 * 1 . ML)
31 8A P O R M A  TIA t • * . 1 0 ( F 9 . 4 . 2 X ) / > / )
3 2  P R I N T  8 3
33 83 P C R M A T  tV* *. •Y Y (1) - Y P ( I ) V A L U E S  N O R M A L I Z E D  BY  Th E T I M E - * /
X* • • • T E M P E R A T U R E  C O R R E C T I O N  F ACT O R • A N O  C O R R E S P O N D I N G  INTER -*  
X/* • • • P O L A T E D  V A L U E S  B E T W E E N  T W O  a O J A C E n T P O I N T S ’ )
3 a  p r i n t  8 6 . i y y < i ) , i * i .m l )
35 86 P O R M A T t A t *  • . I 0 I P 9 . A . 2 X ) / ) )
36 P R I N T  7 3 . < A < I ) . 1 * 1 .K)
37  73 F C R M A T t / V *  * . • A< X ) • . 4 X . 9 ( F l 0 _ 3 . 3 X ) / •  ♦ . S X . 9 ( P I O . 3 . 3 X ) / / / )
C A(i )  IS t h e  v a l u e  O P  N - L O G A R 1 T H M  CP Y ( I ) O E V I O E D  BY 1 ( 1 1 .  IN T H I S
c p a r t i c u l a t  c a s e  t h e  v a l u e  o p  A t i ) a t  x i i ) « o  e q u a l s  o n e . a n o  a t
C Y t X ) » o  THE V A L U E  C P  A ( I ) IS A S S U M E D  TO B E  Z E R O -
38 K F - 7 3
C M p  IS t h e  f i n a l  n u m b e r  OF P O I N T S  C O N S I D E R E D  f o r  C A L C U L A T I O N  OF ALL
C r e l e v a n t  c o n s t a n t s  A N O  e x p o n e n t i a l  C O E F F I C I E N T S  0 ( 1 ) .
39  C A L L  L I N U P  t M L . n l . X X .Y Y )
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C S U B P R O G R A M  L I N U P  L I N E S  U P  A L U  T H E  Aa l U E S  O F  X X C I 3  IN  D E S C E N D I N G  
C * O R D E R  S T A R T I N G  W I T H  I N I T I A L  V A L U E  XI Ni T . A N O  C A L C U L A T E S  C O R R E S P O n -  
C O I N C  V A L U E S  F O R  Y Y C I ) .
4 0  N F » 2 * mF • >'
«1 C A L L  R E X P O C M F . X L . T L . R )
C S U B P R O G R A M  R E X P Q  C A L C U L A T E S  V A L U E S  F O R  E X P O N E N T  I At. C O E F F I C I E N T  
C  R C I J  F O R  E A C H  P O I N T  IN  C O N S I D E R A T I O N -  T H E  E X P C N E N T I O L  C O E F F I C I E N T  
C  R d l  IS A T I M E - T E m P E R A T U R E  O E P E N O E N T  F A C T O R  F O R M E D  O U T  F O R  E A C H  c P A R T I C U L A R  P O I N T .  A N O  IS T H U S  C H A R A C T E R I S T I C  F O R  E A C H  P O I N T  A N O
C  A L S O  O I F F E R E N T  F R O M  O N E  C U R V E  T O  ThE O T H E R .
* 2  CALL. A L L E N C  M F . N F . X L . Y L )
C  . S U B P R O G R A M  A L L E N  T O G E T H E R  F l t H  S U B P R O C R A M  L O O E B  C A L C U L A T E  A L L  --
.. C R E L E V A N T  c o n s t a n t s  < E . G .  C C O O O J . C C E V E N I J  A N O  T H E I R  s u m s . F H I C H  I N  rr 
C t u r n  m u s t  s a t i s f y  t h e  ba s i c  e q u a t i o n  l n < Y { I ) )« C (O O O  ) *C C E V E N J  »
C  CRC I)*l )»XCI.) F O R  A N T  P O I N T  O N  T H E  C U R V E .  *
A3 PRIN T  71
AA 71 FORMAT I F / *  • . S X . * X I I > * . 9 X . * Y C I ) , . 9 X . * R t l ) , . 9 X . * C I O O O ) • , » « .  
X*C I EVEN 1 M l .  'SUNCCC OOO) ) * , 3 X .  • SUM ( CC E VEN) ) • , 6 X .  'S U M !  C 11 ) ) • )
AS 00  66  J * I . M F
AO PRINT 7 2 . X L ( I > . r L I t ) . f l < I ) . C t I A « - I ) . C t I * 2 ) . T K I > . G Y ( I > . T I G Y I I j
A 7 .72 F CRMAT( *  ’ . F 9 . A . S X . F 8 . 4 . S X . F 8 - 4 . S X . F 1 O . A . S X . F I 0 . 4 . S X . F 1 0 . A .
X S X . F 1 0 . A . 5 X . F 1 0 . A )
AS _ 66 "  CONTINUE
* 9 ST CP
SO END
S i s u b r o u t i n e  l i n u p  c m . n . x . y )
52 CCNMCN / A R E A l / X L I 8 5 ) . Y U a S ) / A R E A A / X l N I T y A R £ A 6 / H F / A R E A 7 F X 2 E R T  '
5 3 REAL X t M ) . Y ( F ) . 0 8 1 3 5 )
SA P a O .
55 OO IA  1 * 1 . K F
5 6 X U  D - X I N I T - P
57 IA P - P A 2 .
5 8 DC 203  I » 1 . M
5 6 I F  ( XI  3 3 . £ 0 .  0 .  )GO TO 201 .
d 3 I F t r c l I J 2 0 0 . 2 0 1 . 2 0 2
b 1 20 0 081 I ) a - A L 0 C t A B S ( Y t  I > 3 ) S X ( I  )
62 CO TO 20 3
63 201 o a t i ) » o .
6A s c  r c  2 03
65 2 0 2 0 8 t I ) « » L C C t r t  I  3 ) F X C I  3
66 2 0 3 C C N T I hue
6 7 1 * 1
6 8 OC 12 I - l . M F
6 9 I F C X L C I ) - L T . X C L * - 1 )  ) L - L * 1
70 I F C X L I I ) - L T - X C L * I ) ) L » L » t
71 I F t L - E Q - ( N - l ) )GO TO 13
72 I F ( ( A B S I Y C L A I ) ) - L E - I . ) . A N O . C X C L * t ) - L T . X Z E R Y ) > C O  TO 1 * *
73 I F { { A B S t Y C L ) ) . L T . I . ) . A N O . C X C L ) . L T . X 2 S R Y )  3 CO TO 1<4
7 a I F C C O B C L ) - E O - C - >- O R . C 0 6 C L * 1  3 - E O . 0 - ) - A N O . < X C L ) - L T . O - 3 ICO TO IAA
7 5 OTTa f  O B I L A t ) * C X < L ) - X L C  I 3 > * O B < L ) * C X L C I ) - x t L  + l 3 3 3 *XLC I I F  
X 1 X C L ) - X C L « - I ) )
7 b GO TO I A S
77 1 * * Y L t I ) » < Y { L + l ) A < X I L ) - X L ( I ) ) « - Y { L ) A C X L £ I ) - X l L + l ) ) ) F t X ( L ) - X ( L * l ) 3
7 8 GO TO 12
79 IAS I F  £ C O T T . L T . O . ) . ANO. t X L I  I ) - G T - X Z E R Y ) ICO TO 3 1 3
SO I F C C T T - L T . 0 - 1 GO TO 18
81 3 1 3 Y L t I ) * E X P ( O T T )
82 GC TO 12
S3 18 Y U  I  ) * - CEXPC A B S t O T T }  3 3




88 SUBROUTINE XANOY ( M . N . X . Y . X X . Y Y 3
8 9 CCMM0NFAREA5FAt1 8 ) F A f i E A 7 / X 2 E R Y
90 REAL X<M) , Y (  M 3 . X X C 3 5 ) . YYC3 5 )  . FACT2I  1 7 )
91 0 0  AO l « l , X  ^
9 2 XXC1 * 2 - 1 J - X C I )
93 I F ( Y I I  3 1 6 6 . 5 5 . 5 6
9A 66 YY 1 I * 2 - 1  J —  ALCGCABSC Y < I ) 3 )
95 SO TO 1«
96 55 YYC1 * 2 - 1 3 * 0 .
9 7 GO TO IA
9 8 56 YYC1 * 2 - 1 J - A L O C t  Yt  I 1 3
9 9 1 A I F C X C I  3 . £ 0 . 0 .  3GO TO 41
I 00 A C I ) * Y Y C 2 * t - I 3 / X C I ]
t o i GO TO * 0
1 02 A I AC I 3 - 1 .
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103 40 CONTINUE *104 <■«— I '103 OO 24 1*1.<*25 IFI t X{ I ♦ 1 ).£0.0.1 - OP -(X(I).EQ.O.) ICO-1 70 130
l r l i r r {2»X-1>-£0.0.)-OR.(YY<2 m t * U-EQ.O.)JCO TO 140 10« I J*X< !♦! J J/2.109 GO TO 132110 130 TTN»(YYCX42-1J+rriI*241)j^2.H I  XXH*CXt I J4XC 141 ) 1^2.112 CO TO 141113 132 AA1*A(1)/A<I 41)
11* -• AA2-A(J41 )/A< 1 J
115. PACT1«<AA141. )/2.115 FACT21 I >*( AA1 ♦AA2)/*. 40.3 ’ V - ^117 IF< {XCU.LT.O.J.OR.(I„E0.u )GC TO 131/U S  AAA»CA( 1 J 4A( I «■! 1 J/-2.* 1F(FACT2(X )-GT.FACT21 1-1 1 )FACT2(I)*l.✓FACT2Iij120 YYM-FACT21I 1 «XXK*AAA121 CO TO 14 1 .122 131 YYV«flCl'i«XXM«A(I+n123 CO TO IA1124 140 XXP>(x<1)4X(2«t))/2.‘25 _ *• TEX-IYt I >*YC I«-l) J/2.123X CO TO 44
127 141 IFc(YYM.LT.0. ).AND.(XX^-GT .XZECYJ)GO TO 31128 J Ft YTK133.31•31129 33 YEX*- (EXP U8S< YTM) 1 J130 CO TO 44 ; . -131 31 YEX*EXP(YYM>132 44 XX(I«2)*XXM133 YYtI*2)«Y£x134 24 CONTINUE135 L-N42-1136 DC 25 1*1.|_.2
151 1FI(YYtI).CT.0.).A N O . ( x x < n - C7-XZEOYJICO TO 20133 If ( t AQSI YY{ I 5 ) ,t.E . . 35 ) . ANO. ( tfx ( [ j . c T . XZER Y J j CO TO 2111° IFtYY(1 ) ) 19 . 21.20140 2 0  rr{i)*gxP(YYtI) )141 GO TO 25142 21 YY(I>*o. 0I4J CO TO 25144 19 YY(l)«-(£XP(AeS(rY{Il1 ) 1145 25 CONTINUE146 RETURN147 gND
148 SUBROUTINE A(_LEN( M.N.X.Y )1 4» CCMAON/AREA2/C t 17 0) /AREA3/T I ( 65 J . CY ( 85 3 . T I GY I OS)150 REAL X(M).Y(H),BL185).H(170)151 CAUL LOOEBtM.N.X.Y.BLJ132 00 37 I■ i.n153 37 H< 11 — l.154 DC 38 1*1.m155 TIG-0.156 CCY*0.157 HtIJ-1.158 DO 39 J*1.N139 TIC*TIG*M(JJ 4Ct J*2-I)
161 J Tl<xt-TIC1J3*CtJ"2J162 GYII)*GGY163 38 TICYtJ )*TX ( IJ4GYtX)164 RETURN165 END
195 SUBROUTINE LC0C8 (M.n .X.Y.BL)167 CCNMCNyAREA2/C(170)1 *8 REAL XIM).Y(M) . EQ ( 17 0). BL (M) »C(170) .H( 170) .2R(8S) .I_CV , HM( 85 )XCCX 65) m169 DC 77 K*2.N.2170 IF ( ABS ( XI )C/2 ) ) -LE . 0 . 1 ) GO TO 78171 IF(ASSIY{ K S 2) )-LE.0. 1)GO TO 76172 IF C Y( (L/2 ) ) 900 . 902 .90 1173 900 YC*-alOC(ABSIYI K/2) ))174 CO TO 966175 901 YC-alCCIYIK72))176 CC TO 966177 902 YC-O.178 966 ClK)*YC7XCX72)179 CC TO 77
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ISO 70 CIXJ-O-181 CC TO 77182 78 CCK1-1.183 77 CCNTXNUC ■
18* DC 30 I-*.*.2183 33 CC 11-CCC1 )-CC1-2)1/2.183 CC21-CCCN>*CC2))/Z«187 CALX. ZEREX <M,N.X,T.CQ.IR)
188 00 8 1-1.M
189 8 0C2*t-l )«A1_0CC2.) ♦EQC I )190 C(1)-0-3«CO(1)«-OCN-1> )-ALQG(2.)
191 *- J-*-l1 9 2 DO 1 I"liJ193 ' * C l 2 * l * I l - 0 - 5 M O t 2 * I * l  )-OC2*I-l))
19* J«0 '193 3 DC 1 I-l.N196 1197 OC 2 1-1.N
198 K— I♦ J190 IF C !♦ J .GT.N J K- I ♦ J - N
200 F— 1 .201 IFCl.GT-MJGO TO 88
202 .. ** LOV-O.20320* OC 33 L-l.N205 35 LO v »l QV* HCL) — C C ( l— • 2— 1 )-»-CCL«2)J206 IF IK.CT » I *2 ) F *— 1 .207 CCJC3*CC>C)+<F* (E0( 1 )*LOV) )/’<2.**t J+l )) ' ■
208 GO TO 2209 ee DEN-O.
210-211 OO 36 L-l.M
212 36 C£ n -0EN-*h CL*h )-<C £L*2-1 ) t-CCL*?) )213 1FIK.CT.C I — *<) *2 1F-— 1 -21* C(XJ*C!X>*(P*(EO(I)*0ENX)/(2.*«(J+ll)
215 2 CONTINUE
216 >-J * I217 lFtJ.eo.NJGO TO **213 CC TO 3
2 1 9  * *  OC 1 I I- 1223 1 1 CCCI)-CCC2«I-1>*Ct 2*1 ) > *2.221 Hl-iC 1 >-C £0 C 1 > *£0 ( h 1 ) /CCI 1 )
222 . OC 333 1-2.*223 333 m h IIJ-CECC I )-CO < I - 13)/CCC IJ
22* OO 222 I-l.M223 CC2M-1l-HHC 1 )*C(2*1- 1 )226 222 CC2-1J-MMCI)*CI2-1)227 DO 37 I-l.N228 37 H(ll—  1.229 OC 38 I-l.M23 0 LCV-O.231 HC11-1.232 OC 39 Jal.H233 39 l OV-LOV-*n C j ) -<C C J*2- 1 I -CC J*2 ) )23* B L C D - L O V
235 38 CONTINUE236 figTURN237 END
238 SUBROUTINE ZEREx CM.n .x .r.£ 0.2R >239 COHnCn/a REA7✓ XZERY2*0 REAL X{Ml,TCx1.RC85).EOCNl.ZRtNJ2*1 CAUL REXPO CH.X. y .R)2*2 00 77 1-1.*2*3 IFC ASSC X(I) 1 .LE.0.1 1XCI 1—0.2** IFC CA0SC rc 1 ) ) -LT.O. 1 ) - ANO. CXI I) ,LT. XZERY) ) Y t U - 0 .
2*5 IFCXtI) ) 1 .3.32*6 1 IF ( ABSC X( I > )-LE. 1 O - ) CO TO.*2*7 GO TO 22*8 * Z-ALOCCYt1)>
2 * 9  e o c n - z - x u  i-alocc cosmc a < 11 *xc i)) j
250 ZRC I J — < EOC 1 )-Z3231 CO TO 77 -252 >.2 IFC Y{ I ) 1 66. 8 . 35253 66 Z — ALOCC AUSC T < I J ) )
25* CC TO 7
235 8 Z-0.236 CC TO 7257 35 Z-AU0CIY<1)1253 7 £Q( 1 1-2-CRC I ) *1 . ) * X (  1 ) 4-a l OGC 2. )
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V
2 5 0 Z R  t 1 1 — —  ( £ 0 1  I )— 2 )
2 5 0 C O  T O  7 7
2 6 1 3 I E X Y X I } ) * * . * 3 . * 6
2 6 2 * * 2 - - A 1 . 0 C 1  A O S <  Y { 1  )) } • s'
2 6 3 C O  T O  * 7
2 6 6 * 3 2 - 0 .
2 6 3 C O  T O  * 7
2 6 6 * 6 Z-ALOCCrt I J )
2 6 7 * 7 u * x t i i _ < r r . i 7 o . ) c o  t o  * * *
2 6 6 e a t  u - z + x ( T  > - a l o c < c o s h ( R ( i ) » x ( i i  j j
2 6 9 C O  T O  * 4 3
2 7 0 »-* ** E Q l I ) - Z « - X ( X ) * 1 1 . - « { ! ) } * A L O C ( 2 . J
2 7 1 -  • r**3 Z R I I J  —  t c o c i  1- 2 )
2 7 2 7 7 e o < i * H i - e a ( i )
2 7 3 R E T U R N  • ,
2 7 * E N D
2 7 5 SUOHOUTIn E REXPO (M.X.Y.R)276 CC^NCN/AREAT^ XZERY
2 7 7 R e a l  X(m ),r< * j,R(hi270 OO 6 l-I.M279 ' IECABSlXX m - 1 . E . 0 -  D C O  TO XI200 . - !F{ ( A S S l Y i m  .UT.O.IJ .ANO.(X(IJ .l»T . X2ERT J ) Y<I )-0.201 IE ( Y U  ) >66.0 .53282 66 0— AI.OCX A B S l  Y< I ) J )
2 0 3 CO TO 920* 6 A - 0 -
2 0 3 CO TO 99
2 8 6 5 5 0 - A L O C 1 Y ( X ) )
2 8 7 CO TO 9
2 8 8 1 1 A —  X .289 I E  ( A O S  ( X I I  ) ) -X.E-O-1 )X( x > - o .290 CC TO 99291 9 A - C 2 X 1 I)292 99 IPX X( I ) }I.1 .2293 t R ( I >- < S O R T  ( l.-2.*A>>*(tY(X)*A«»2)^3.*2.*Y(X) • */• 1 3- X2.*YtI I S I S . - I . J29* GO TO 6295 2 R(I J-tSCRTC 1 . *2 . * A ) ) • ( ( r < x ) •A**2)/'S- — 2-*Y( 1 ) * * / u .  X2.*Y(I)✓ i s . - 1. )
29 b 6 C O N T I N U E
2 9 7 RETURN
2 9 8 E N D
8 E N T R Y
Reproduced with p e n s io n  of the copyright owner. Further reproduction p rchM ed  without permission
A P P E N D IX  C t
Metal Chemistry, Cooling Curve Data, and Solidification
Parameters for Ingots
List of Symbols
X(I) - time (sec.) relative to the maximum undercooling
point spaced evenly along the curve (correspond­
ing to the symbol X );
Y(I) - temperature (°F) relative to the maximum under­
cooling temperature at X(I) (corresponding to
the symbol Y ) ; ' "̂  n
R (I) ’ - exponential parameter (corresponding to R^) for
each po.int considered (variable solidification 
parameter = R +-1);
C(ODD) - odd subscripted constant solidification parameter
in expanded form (corresponding to the symbol
Co> ;
C(EVEN) - even subscripted constant solidification parameter
in expanded form (corresponding to C );
SUM(C(I)) - sum of all odd and even subscripted constant
solidification parameters (condensed form) for’ 
each point considered (corresponding to the 
symbol SCn ).
Cl
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Sample Ingot 1
M e t a l  C h e m i s t r y  -  C 3 . 8 h  S i  2 . 3 2  * .  C . 2 .  £ .
Bin 0.7? C r  O . l h  f . ,  Cu 0.12 %, 
A I  O.020 Mg O.Oh-6 Ss 0 . 0 0 9
x 1 1 »
1 6 . 0  >0 0 
i* .c oo o 12.0000 10.0 000 a.o oco 
0 . 0 0 0 0  
* . 0 0 0 0  ■ 2.0000 
0 . 0 4 0 0  -2.0000 -*.0000 -6.0000 -8.0000
-  1 C . 0 0 0 0  -12.0000- 1*.000 0 
- 1 6 . 0 0 0 0- ia.o ooo -20.0000 -22.0000 
—2 * . 0 OOO 
- 2 6 . 0 0 0 0  
- 2 6 . 0 0 0 0  
- 3 0 . 0 0 0 0  
- 3 2 . 0 0 0 0  
- 3 * . 0 0 0 0  
- 3 6 . 0 0 0 0  
- 3 8 . 0 0 0 0
J -*o.ooco -*2.0000 -**.0000 
- * 6 . 0  JOO
-*a.ooco
-so.c ooo
— 6 2 . 3  300 -S*.0000 
- 5 6 . 0  00 0
-se.oooo 
- 6 0 . 0 0 0 0  
- 6 2 . 0  00 0 —6*. 0 0 0 0  -66.0000 
- 6 6 . 3 0 0 0
7 ( I ) 3a.*S73 
2 x.* 26 S 16•*2 79 
i7c* 'V 6 • 3289 3.2911 1.22791.2019 1.0000
1 . e * 3 5:.**39
2 . 78 1 2 
* • 9 5 0 3  
6 .  66C7 
« . 2 7 8 0  
6 . 2 1 6 3  
6 . 2 3 6 9  
6 . 9 9 3 3  
7 . 5 6 6 ?  
7 . 9 7 0 0
6 .  1658  
8.1*0 1 
7 . 6 9 * 2
7 . * 3 0 6  
7 . 3 7 7 9  
7 . 2 6 2 6  
7 . 2 2 6 *  
7 . 0 1 0 8  
6 . 6 8 9  7 
6 . 2 8 6 6  
5 . 6 2 3 9  
5 . 2 1 3 6  
* . 732e 
4 . 1 3 0 9  
2 . 5 6 7 ?
2 .  01 76 
2 . 5 1 1 8  
1 . 9 5 2 *  
1 . 2 3 9 21.0000 
C.2 62 7
— C . 3 3 5 7- 1 .0000
« ( I ) 
* . 0 5 2 *
2 . 1 3 * 0  
0 . 9 0 3 1  
C . 0502 
- 0 . * 6 6 2  
- 0 . 7 3 5 6  
- 0 . 8 8 1 1  
- 0 . 9 * 9 7  
- 1 . 3 8 5 6  
- 0 . 9 9 7 1  
- 0 . 3 6 9 1  
- 0 . 6 8 5 3  
- 0 . 3 1 1 5  
- 0 . 2 7 0 0  
- 0 . 2 8  66 
- 0 . 2 7 7 5  
- 0 . 2 6 7 8  
- 0 . 1 6 7 6  
- 0 . 0 8 * 9  
- 0 . 0 2 5 5  
0 . 0 0 6 5  
0 . 0 0 9 1  -0.017o 
- O . 0 7 0 7  
- 0 . 0 7 6 3  
- 0 . 0 7 * 9  
- 6 . 0 8 8 0  
- 0 . 1 1 * 9  
- 0 . 1 5 * 3  -0.20*2 -0.2626 
- O . 3271 
- 0  73982  
- 0 . * 7 * 6  
- 0 . 5 * 8 5  
—C . 6 1 7 9  
- 0 . 6 8 1  * 
- 0 . 7 5 1 1  
- 0 . 8 2 0 2  
- 0 . 3 6 6 ?  
- 0 . 9 * 3 9  
- 1 . 0 6 3 0  -0.866?
Cl  COO) 
- 6 2 7 . * 5 5 l  
16 . * 1 5 5  
8 . 1 1 7 1  3.6223 
- 2 . 7 0 9 7  
- 1 . 6  119 
- 1 . 0 3 3 9  
- 0  - 8 5 0 2  -*.1331 
- 1 . 7 6 7 9  
- 0 . 0 7 2 1  
1 . 7 1 5 3  
0 . 9 * 8 3  
1 . 0 8 8 0  
1 . 3 3 9 0
0 . 3 7 3 70.7233
1 . * 7 2 9  
1 . 6 3 8 0
1 . * I 75 
1 . 6 0 0 6  
1 . * ? 1 3a.3382 
C . 0 * 9 6  
3 . 2 9 6 3  
0 . 8 3 5 6  
0 . * 2 9 9  
C . 2 7 9 8  
C . 0 0 5 1
- C . 1 2 3 9  
- 0 . * 5 0 2  
- C  . 3 0 8 9  
- 0 . 7 3 6  1 
- 0 . 6 8 9 7  -*.6*1 * 
- 1 . 6 1 5 9  
- 1 . 2 9 9 6
- 1 . * 9 7 5  
- 1 . 3 6 0 6  
- 1 . 6 * 5 8  
- 3 . 0 * * I 
- 2 . * 9 7 9  
- 3 . 9 7 7 0
C(ev£M) 
- 0 . 1 3 * 3  
- 0 . ' 1 6 0 8  
0 . 1 7 2 5  0.1291 
- 0 . 0 1 9 6  
0 . 0 2 9 1  
0 . 2 3 3 1  
0 . 3 8 3 5  
3 . 6 3 3 *  
2 . 3 5 6 5  
0 . 6 3 3 2  
- 0 . 8 1 * 5  
0 . 1 9 6 2  
0 . 1 9 * 2  
- 0 . 1 8 7 8  
0 . 1 9 6 1  
0 . 0 6 9 3  0.21* 1 
0 . 0 * 0 6  
0 . 1 7 7 1  
- 0 . 2 2 9 8  
—O . * 3 3 2  
- 7 . 7 1 7  1 
0 . 1 0 6 3  
- 2 . 4 6 1 7  
0 . 0 9 0 7  
O. 2 5 0  7 
0 . 1 0 5 *  
0 . 0 7 0 0  
-C .  1053 
- 0 . 0 7 7 6  
- 0 . * 8 2 6  
- 0 . 3 3 2 9  
- 0 . 6 8 5 6  
3 . 1 7 0 2  
0 . 1 0 9 0  
- 0 . 1 8 8 1  
- 0 . 3 3 2 *  
-O . 1 3 3 *  0.2220 
0 . 0 3 8 8  
- 0 - 1 9 1 1  
0 . 1 1 7 2
SUMCCt1 1 I 
- * * . * 8 8 5
- 1 1 . 9 7 9 3  
* . 5 9 9 6  12.102 1 
6 . 6 * 3 *  
3 . * 7 7 8  
1 . 9 7 6 3  
1 . 0 * 2 9  
0 . 0 0 7 *  1.18*3 
2 .  1 165  
3 . 9 1 8 0
6 . 2 0 7 1  
8 . 7 7 1 «  
1 1 . 1 1 3 9  
1 2 . 6 3 7 7  
1 * . 2 3 * *  
1 7 . 0 2 8 5  
2 1 . 0 2 5 8  
2 4 . 2 1 5 0  
2 6 . 9 5 6 9  
2 9 . 0 3 3 2  
3 0 . 2 7 5 6  
3 0 . 5 8 8 1  
3 2 . 2 5 7 3  
3 * . 1 * 9 8  
3 5 . 5 1 0 8  
3 6 . 2 8 1 5  
3 6 . 4 3 1  *  
3 5 . 9 6 2 3  
3 4 . 9 0 7 0  
3 3 . 3 2 3 8  
3 1 . 1 * 3 5  
2 8 . 3 9 * 7  
2 3 . * 5 2 3  
2 2 . * j 8 7  
1 9 . 4 6 2 6  
1 5 . 80 3 011.81*8 
8 . 9 6 7 0  
2 . 9 5 6 5  -2.*21« 
- 9 . 7 6 0 8
C2
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I
- 7 0 . 0 3 0 0 -  1 . * 2 3 3 /  - 1 . 1 8 * 7 ' - I  1 . 5 7 7 * 0 . * 0 2 6 - 1 2 . 3 0 2 0
—7 2 . 0 0 0 0 -  I . 7 9 1  1 - 1 . 2 3 0 7 - *  . 3 5 0 * 2 . 3 9 5 6 - 1 6 . * 9 2 5
— 7 * . , 0 0 0 0 - : . 2 0 1 8 - 1 . 2 9  30 - * . 1 9 5 5 1 . 5 3 7 * - 2 1 . 8 0 6  7
- 7 0 . 0 0 0 0  • - 1 . 9 * 2 0 - 1 . 2 7 8 0 - 3 . 3 5 9 * - 0 . 2 9 1 0 —2 9 . 1 0 9 0
- 7 0 . 0 0 0 0 - 0 . 0 * 1 3 - 1 . * 9 * 8 - *  . * 8 9 3 - 0 . 5 7 * 1 - - 3 9 . 2 3 6 8
- 0 0 . 3 0 0 0 - A . 0 * 5 3 - I . 6 2 6 2 - 3  . 6 3 7 2 - 0 . 2 3 0 7 - 5 0 . 9 7 2 9
- 0 2 . 0 0 3 0 - 5 . 6 9 2 0 - 1 . 7 3 7 6 . - 3 . 3 0 2 2 0 . 0 2 0 0 —6 1 . 5 2 1 1
- a * . o o o o - 6 . 7 2 7 5 -  1 . 0 7 * 0 - 6  .oooqpfc —0 . * 9 1 * - 7 * . 6 2 3 8
- 0 6 . 0 0 0 0 - 7 . 9 9 7 6 - 2 .0*1 a - 7  .577<&7 - 0 . 5 9 8 6 - 9  0 . 9  77 0
- 0 0 . 0 0 0 0 - 3 . 5 6 * 1 - 2 . 2 * 9 2 - 1 0 . * 7 3 7 0 . 2 2 0 1 - 1 1 1 . * 8 * 0
- 0 0 . 0 0 0 0 - I  1 . 3 0 5 * - 2 - 3 0 6 5 - 1 2 . 3 9 3 1 - 0 . 3 2 6 0 - 1 3 7 . 3 2 3 6
- 9 2 . 0  000 - 1 2 . 0 * 5 3 - 2 . 7 9 0 * - I  *  . 9 5 0 7 0 . 2 9 5 * - 1 6 0 . 6 3 3 0
- 9 * . O O C O  ■ - 1 5 . 3 9 5 2 - 2 . 0 2 3 0 -  1 2 . 0 * 3 * 0 . 2 6 0 9 - 1 9 2 . 1 9 8 5
- 9 6 . 3 0 0 0 -  1 7 . * 1 6 7 - 3 . 2 9 1 8 - 1 3 . 2 1 9 6 0 . 2 3 2 2 - 2 2 2 . 1 7 3 *
- 9 0 . 0 0 0 0 - 1 3 . 7 5 7 2 - 3 . 6 0 3 2 -  1 3 . * 1 * 2 0 . 8 0 * 0 - 2 3 7 . 3 9 3 6
- 1 0 0 . 0  OOO - 2 5 . * 7 3 3 - 3 . 9 6 * 0 - Z 1 . 3 7 * 7 0 . 0 3 6 8 - 2 9 8 . 8 6 9 *
- 1 0 2 . 0 0 0 0 - 2 3 . 2 3 * 7 - * . 3 5 2 1 - 2 2 . 3 9 1 9 - 0 . 1 9 7 7 - 3 * * . * * 0  5
- 1 0 * . 3 0 0 C —2 3 . 6 1 3 5 - * . 7 8 2 7 - 2 3 . 0 6 0 1 - 0 . 7 * 1 7 - 3 9 6 . 0 5 2 2
- 1 0 6 . 0 0 0 0 - 2 2 . 3 3 * 6 - 5 . 2 7 7 3 - 2 8 . 0 6 0 9 - 2 . 0 0 9 6 - * 3 6 . 1 9 3 *
- I  0 0 . 0  00 0 - 3 6 . 6 1 2 6 - 5 . 8 * 7 3 - 2 3  . 8 6 1 6 3 . 7 3 * 5 - 5 2 6 . * 0 7 7
- X 1 0 . 0 0 0 0 - a  1 . 3 * 6 9 - 6 . 5 0 * 6 - * 2 . 1 8 5 7 1 . 1 2 o l - 6 0 8 . 5 2 6 9
- 1  1 2 . 0 0 0 0 - * 7 . 2 * 3 7 - 7 . 2 6 * 1 - A O . 9 3 2 7 0 . 8 2 0 2 —7 0 4 . 7 3 6 1
- 1 1 * . 0 OOO - 3 5 . I I 72 - 7 . 9 1 2 9 - * 1  . 0 2 5 6 - Z . 2 6 8 2 - 7 9 1 . 3 2 3 5
- 1 1 6 . 0 0 0 0 - 3 6 . 3 2 3 0 - 8 . 5 5 * 2 - * 3 . 7 0 0 0  - I . 3 * 5 8 - 8 7 9 . 6 3 2 1
- I  1 8 . 0 0 0 0 - 6 2 . 2 2 5 7 - 9 . 2 6 0 2 - 4 7 .  * 1 8 3 - 1 . 8 3 2 1 - 9 7 0 .  132 8
- I  2 0 . 0  30 0 - 6 3 . C 3 3 7 -  10 . 0  378 - 3 2 . 2 7 5 7 - I . 6 8 3 * - 1 3 0 8 - 0 5 * 0
- 1 2 2 . 0 0 0 0 - 7 A . * 6 9 3 -  1 0 . 8 9 * 8 - 6 2 . 2 6 9 3 0 . 9 0 9 * - 1 2 1 0 . 7 7 5 0
&
C3
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Sample Ingot 2
Metal Chemistry - C 3.54 $ ,  Si 3 . 0 2  $ ,  C.Z. 4.57 $ ,
Mn 0.66 $. Cr 0 . 1 2 . $ ,  Cu 0 . 0 8  $,
A I  0 . 0 2 0  $ ,  M g  0 . 0 5 5  $ ,  S 0 . 0 0 9  * .  '
XU)50.0 000 
*8.0000 
*6 . 0  00 0 
**.000 0 
* 2.0000 
* 0  . 0 0 0 0  
3 0 . 3 0 0 0
3 6 . 0 0 0 0  
3 *  . 0 0 0 0  
3 2 . 0 O C  0
3 0 . 0 0 0 0
2 8 .0000 
26.0000 
2*.0 00 0 
22.0000 20.0000 
18 . 0 0 0 0  
1 6 . 0 0 0 0  
1A.OOOO
1 2 . 0 0 0 0
1 0 . 0 0 0 0  
8.0000 
6 . 0 0 0 3  *.0000 
2.0 00 0 
O.OOOfl
- 2 . 0 0 0 0  
- * . 0 0 0 0  
- 6.0  00 0 
- 8 .0000 
- 1 0 . 0 0 0 0  
- 1 2 . 0  300 
- 1 * . 0  000  
-  1 6 . 0 0 0 0  
-  18.0000 
- 2 0 . 0 0 0 0  
- 2 2 . 0 0 0 0  
- 2 *  .OOOO 
- 2 6 . 0 0 0 0  
- 2 8  .0  000 
- 3 0 . 0 0 0 0  
- 3 2 . 0  0 00  
- 3 * . OOOO
VI I ) 
6 3 . 7 1 3 *  
3 1 . 3 0 3 3  
* 4 . 7 0 7 3  
3 9 . 3 9 * 6  
3 3 . 3 6 8 8  
2 8 . 3 3 8 3  
2 6 . 2 2 1 3  
2 3 . 3 7 8 6  
2 « . 2 * 7 *  
2 3 . 6 2 * 7  
S-323S 
8 . 1 8 3 7  2.*010 
1 .<13*0 
C . 2 1 06 
4 . S7S0 
* . 3 2 6 *  
3 . 3 6 3 6
7 9 1  *
2 . * 2 0 3  
2 .C 9 6  3 
1 . 8 1 3 1  1.*191 
1 .I6e3
1 . C397 
1 .COCO 
l.'COCO  1.1338 
1 . 2 0 3 7
1 . 2 7 * 3  
! . 3 * 6 3  l.*?00 
1 . * 9 6 6  
1 . 3 7 3 1  
I . 6 2 3 1  
1 - 7 3 6 3  
1 . 8 1 8 6  
1 . 7 9 1 2  
1 . 7 1 0 6  
1 . 8 * 7 2  1 . 1222 
C.7 5 7  t 
C .3621
o m  
7 . 6 9 3 *  
6 . 3 1 3 3  
3 . 1 3 3 9  
* . 1 7 9 6  
3 . 3 7 * 9  
2 . 7  029 2.*188 
2 . 3 0 3 *  
2 . 1 8 9 3  
2 . 0 6 2 7  
1 . 7 5 7 1  
1 . 3 3 2 0  
0 . 9 3 8 9  
O . 6 3 * *  
0 . 2 7 7 6  
- 0 . 2 1 1 7  
- 0 . * 7 t > 3  
- 0 . 6 2 * 0  
- 0 . 6 9 8 3  
- 0 . 7 * 8 1  
- 0 . 7 9 1 7  
- 0 - 8 2 9 8  
- 0 . 8 6 7 *  
- C . S 8 2 *  
- 0 . 8 8 0 6  
- 1  . 3 8 3 6  
- 0 . 8 6 6 7  
- 0 . 0 7 9 9  
- O . 8 6 9 9  
—C. 8 3 9 9  
- 0 . 8 * 9 8  
- 0 . 8 3 9 5  
- O . 8 2 8 8  
- 0 . 8 1 8 0  
- O . 3 0 6 9  
- 0 . 7 9 5 7  
- 0 . 7 8 * 3  
- 0 . 7 8 5 2  
- 0 . 7 9 2 *  
- 0 . 8 0 9 2  
- 0 . 8 5 1  I 
- 0 . 8 9 0 3  
- 0 . 9 2 1  *
C (ODD I 
- 6 6 7 . 2 7 6 *  
39 . 0 5 7 2  
3 1 . 9 0 6 3  
2 2 . 5 7 3 1  
20 . 0 5 6 *  
1 2 . 8 7 * 6  
6 . 9 1 0 7  
*  3 . 2 5 * 0
3 . 0 0 3 2  
3 . 1 6 0 *  
2 . 3 2 3 3  
4 . 3 2 6 3  
2-. 6 * 8 5  
* . 2 0 5 1  
2 . 7 * 6 3
- 1 . 2 9 5 7  
- 3 . * 2 9 3  -2.1212 -1. 3 9 6 8
— C . * 5 2 2  
-C  .391  5 
- 0 . 3 2 2 9  
- 0  . 7 0 2 6
— 0 . 0 * 9 *  
- C . 0 5 0 8
C . 0 0 9  1 
3 . 7 7 6 7  
C • 0 9 3 *  
- 2 . 7 5 5 3  
0 . 1 0 3 *  
0 .  1093 
0 . 1 9 0 7  
0 .  1*91 
0 . 0 0 2 3  
C. I 653  
C. 8 9 6 *  
—9 •7721  
- 0 . 9 5 1 *  
0 . 0 6 0 7-o.o*as
- 0  - 3 0 5 9  
- C . 7 1 0 9  
- C . 9 9 3 9
C1 Ev e n ) 0.152* 
- 0 . 1 3 0 1  
- 0 . 0 8 3 3  
- 0 . 0 2 3 3  
- 0 . 0 6 3 2  
- O . 1398 
0 . 1 * 9 8  
.1 .  223 6  
0.22*1 
0 . 0 3 3 5  
0 . 0  721 
0 .  30 17 
- 0 . 3 * 8 1  
— C*• * 3 8 6  
- 0 . 3 0 1 9  
1 . 0 0 7 0  
0 . 0 7 3 5  
O . 2 9  79 
0 . 6 0 7 0  
- 0 . 2 1 9 *  
- O . 1 5 0 *  
- 0 . 1 1 0 7  
0 . 2 9 7 1  
- 0 . 2 1 0 7  
- O . 1373  
- 0 . A 7 9 9  
- 3 . 3 1 2 2  
0 . 0 9 2 1  
5 . 9 3 3 0  
0 . 0 9 5 3  
0 . 1 0 9 2  
0 . 0 3 9 8  
0.1121 
0 .  23 1 1 ■0.1*10 
- 0 . 3 6 7 1  
1 0 . 1 2 * 5  
1 . 1 * 9 6  
O . 0 3 7 6  
- O . 0 2 9 *  
- 0 . 0 7 9 5  
O.0221 
0 . 2 0 6 5
Su m ( 
- 3 2 9  
- 2 5 0  
—  1 8 6 
- 1 3 5  
- 9 5  
- 6*  
—*  9 
— *  2 
- 3 6  
- 3 0  -18 -3 
*> 1 2 - 1 3 1 8 1 1 
7 
.5
C C D )  
.  7 8 * *
. * 3 0 5  
. 0 2 * 9  
. 5 2 5 7  
. 5 3 9 1  
. 0 6 9 *  
. 9 * 0 3  
. 9 8 9 0  
. 3 3 * 3  -1*23 
931 6 
.  6 9 3 6  
. 5 0 3 3  
. 0 3 8 1  
. 9 2 6 5  
. 3 * 9 0  
. 6 3 7 *  
93 06 
.  9 509  
6 0 7 8  
. 5 2 * 0  
. 6 3 6  9 
. 8 * 5 5  
. 3 2 5 6  
9 * 8  7 
. 0 0 7 2  
. 9 3 6 6  
. 3 0 7 6  
.66  62 .0637 
. 5 0 0 6  
. 9 7 7 6  
. 4 9 9 9  
. 0 6 7 3  
. 6 7 9 7  
. 33 8  1 
. 0 * 2 9  
. * 3 9 3  
.6361  
, * 8 0  *  
.309 5 
.9321 
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- 2 6 . C  30 3 
- 3 8 . 0 0 0 0  -4C.050 0 
- * 2.0000 -**.0000 
- * 6.0000 
- * a . o : o o
- 5 0 . 0 0 0 0  
- 5 2 . 0 0 0 0  
- 5 * . 0  00 0 
- 5 6 . 0 0 0 0  
- 5 3 . 0 0 0 0  -6 0*0 000 
- 6 2 . 0 0 0 0  -6*-OOCO 
- 66.0000 
-63.0003 
- 7 0 . 0 0 0 0  
- 7 2 . 0 0 0 0  
- 7 * . c  000 
- 76  .OOOO 
- 7 3 . 0  500 
- 3 0 . 0 0 0 0  
- 62  .OOCO 
- 8 * . 3  OOO 
- 3 6 . 0 0 0 0  
- 3 8 . 0  30 0 
-9C.OOCO 
- 9 2 - 0 0 0 0  
■9 * .C  00 0 
- 9 6 . 3  00 0 
- 9 3 . 0 0 0 0
C.OOOO 
- C . 7 6 6 1  
- 1 . 4 7 2 2  
- 2 . C 5 7 1  
- 2 . 6 9 * 5  
- ’ . 3 3 5 8  
- 4 . 0 * 6 0  
- 4 . 3 9 0 0  — 3.2356 
- C . C 0 * 3  
— 6 • 9 2 * 0  
- 3 . 0 2 7 7  
- 9 . 2 5 8 0  
- 1 C . 96 32 
— I I . 9 2 3 6  
- 1 * . 2 c 6 3  
- I  3 . 3 * 9 5  
- 1 6 . 9 5 3 3  
- 1 6 . 4 9 0 9  
- 2  C. 1 7 * 0  
- 2  I . C 1 7 6  
- 2 4 . 0 2 7 6  
- 2 6 . 2 3 1 3  
- 2 6 . 7 1 3 6  
- 2 2 . 3 1 3 *  
- 3 6 . 8 9 2 4  
- *  1 . 9 4 2 2  
- *  7. 7 8  1-9 — 34.477 T\ 
- 6  1 . 3 3  - M p  
- 6 8 . 5 0 2 1  
- 7 6 . 9 4 9 6
-1 .000J5 
- 1  .  1091 
- 1  .  1867 
- 1 . 2 3 7 0  
- 1 . 3 3 6 5  
-  1 . * * 9 9  
- 1 . 3 0 9 9  
- 1 . 3 8 1 0  
- I . 6 6 3 7  
- I . 7 6 6 8  
- 1 . 8 8 7 9  
' - 2 . 0 3 3 6  
- 2 . 2 0 9 6  
- 2 - 4 2 2 3  
- 2 . 6 8 2 3  
- 2 . 3 6 0 7  
- 2 . 0 3 1 7  
- 3 . 2 1 8 8  
- 2 . 4 2 3 7  
- 3  . 6 * 7 9  
- 3 . 8 9 2 6  
- 4 . 1 6 2 3  
- * . * 5 7 9  
- 4 . 7 9 6 3  
- 5 . 2 9 2 2  
- 3 . 8 7 3 2  
- 6 . 3 * 7 9  
- 7 , 3 2 - 7  
- 5 . 2  177 
- 9 . 3 9 * 0  
- 1 0 . 0 9 6 7  - I 1.2122
— C .31 80 
- 1 . 6 3 5 *  
- 1  . 7 1 6 8  -1 .8*23 
- 1 . 9 7 1 1  
- 2  . 6 7 9 7  
- 2 . 1 * 3 5  
- 3 . 3 * 7 0  
- 2  . 4 7 6 3  
- 2 - 9 * 1 9  
- 4 . 2 3 2 *  
- * . 7 7 2 3  
- 3  . 9 * 8  I 
- 8 . 8 3 0 3  
- 1 0 . 3 9 2 9  
- 8 . 0 2 3 1  
- 7  . * 1 * 0  
- 8  . 2 0 3 0  
- 9 . 3 * 6 3  
- 1 0  . 3 2 0 9  
- 1 2  . 2 5 9 7  
- 1 2 . 1 1 7 1  
- 1 6 . 3 5 6 *  
-  1 7 . 8 3 1 3  
- 2 4 . 2 7 7 0  
- 2 9 . 4 9 * 3  
- 2 3  . 9 e 6 6  
- 4 2 . 3 3 5 9  
“ * 6  . 5 8 7 1 .  
- 3 0  . 3 * 0 3  
- 3 7 . 2 3 5 2  
- 6 2 . 1 0 3 9
- 0 . 3 1 0 5  
- 0 . 3 0 3 0  
- 0 . 2 7 0 *  
C . 0 1 3 *  
- 0 . 1 7 0  1 
- 0 . 4 0 9 3  
0 . 1 9 * 6  
0 . 9 9 5 3  
0 . 6 2 3 2  
- 0 . 3 2 2 0  
0 . 0 2 1 9  
- 0 . 4 1 3 2  
- C . * * O C  
0 . 9 5 1 1  
<5 . 3 6 3 9  
0 . * 0  3 3  
- 0 . 3 0  32 
-0.*20S 
- 0 . 2 8 9 8  
- 0 . 2 * 5 0
0 . 2 3 2 2  
- 0 . 3 1 9 1
I . 3 * 7  3 
0 • 8 6 * 7
- C . 8 2 3 2  
•0 .0730  
- 6 . 5 3 3 1  
2 . 2 * 2 8  
- 0 . 3 3 6 3  
I . 3 7 8 6
1 . * 3 6 1  
- 1  . 1913
0.
- 3 .  
- 7 .  - 1 0 . 
- 1 5 .  -21. 
- 2 5 . 
- 2 9 .  
- 3 5 .  
— * 2. 
- 5 0 .  -61. 
- 7 * .  
—8 9 .  
-  1 0 9 .  
- 1 2 *. 
- 1*0 . 
- 1 5 7 .  
- 1 7 6 .  
- 1 9 8 .  -222. 
- 2 * 9 .  
- 2 7 9 .  
- 3 1  3 .  
- 3 6 3 .  -*2 2 . -*9 1 
-572 
- 6 6  7 
- 7 6 *  
- 8 7 5  -1004
7 0 0 8  
17 9 9  15*5 
8 1 2 *  
0 9 * 8  
2 7 2 *  
.1 702 
. 8 7 2 3  
. 5 6 8 3  
. * 9 6 5  
. 9 3 7 3  
. 3 3 2 8  1091 
. 9 0 7 2
. 3 2 5 3
. 7 6 * 71991
. 4 * 6 7
. 7 1 3 9
. 2 5 0 *
. 3 0 5 3
.177.
. 1 9 *
. 1 2 7 * ’
. 3 2 7 6
 1 702
. 2 * 9 3
. * 7 3 3
. 3 2 3 0.2*68.3*52
. * * o Q
-65
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I
Sample Ingot 3
Metal Chemistry C 3-^5 Si 2.75 f: C.£. U..57 *. 
Mn 0.68 Cr 0.10 Cu O.ik f., 
AI 0.016 Mg 0.0^2 H, S 0.007
* 6 .














8,  6. 
4  . 
2, . 0, -2. 
-4. -6. -a. - 10. -12
- 14,- 1 6. 
- 1 8  . -20. -22, 
- 2 4  
7 26.  
H2S.yso.
- 3 2 ,  
- 3 4  , 
- 3 6 ,  
- 3 8 .
X ( I ! 3 00 0 
COOO 
OOCO OOOO 0 00 0 
0  0 0 0OOOO 0.00 0 
c o c o
OOOO 
OOOO 
0 3 0 0  
OOOO 
3 00 0 
0 000 
OOOO 








0 00 0 
OOOO 








0 3 0 0  
0 3 0 0  
OOCO 
OOOO
c 00 0 
0 00  0 
OOOO 
OOOO
vt r > 
7 2 . 8 0 0 3  
;<; .< ;a?3 
*  9 . 4 6 2 2  
* 2 . 0 6 2 5  
3 9 . C 8 6 6  
3 5 . 3 7 9 3  
3 2 - 7 0 3 6  
2 2 . 0 0 * 7  
3 0 . 2 3 1 2
2 0 . 4 4  8 4 
2 8 . 4 6 * 6  
2 7 . 1 5 7 3
2 * . t e s a  
2 0 . 9 1 9 3  
1 8 . C 3 3 5  
1 4 . 6 4 7 5  
1 C . 5 908  
7 . 6 3 3 8  
5 • 4 6  e 3 
2 . 3 6 * 0  
2 . 7 4 1 2  
1 . 6 7 3 8  
1 . 1 3 7 8  
1 . COCO 
1 . 4 0 0 0  
1 . 8 0 0 0  
2 . 2 0 0 3  
2 . 7 3  13 
3 . 3 2 9 0  
4 . 3 6 6 7  
1 . 9 0 6 C  
7 . C356 
8 . 2 1 7 3  
9 . 4 1  16
1 C . 3693 
1 1 . 6 3 7 3  
t 2 . 5 6 * 6  
1 2 . 3 0  10 
1 2 . 8 0 6 2  
1 *  . C 3 1 4 
1 * .C 2 2 3  
1 2 . 7 2 0 7  
1 2 .  1 6 3 9 '
9f I ) 
8 . 6 3 5 9  
6 . 9 2 4 3
3 . 5 1 3 4  
4 . 6 4 9 3  
4 . 1 3 0 3  
2 . 6 3 3 3  
3 . 4 0 7 1  
2 . 1 7 6 9  
2 . 9 3 6 7  
2 . 8 2 9 1  
2 . 6 9 2 *  2.5132 
2 . 1 1 1 3  
I . 6 6 9 4  
1 . 2 7 7 *  0. 8 130 
C. 2 7 0 9  -O . 1 2 92 
- 0 . 4 2 0 6  
- O . 6 3 5 9  
- 0 . 7 8 6 5  
- 0 . 3 9 7 1  
- C . 9 1 08 
- 1 . 3 3 5 6  
- 0 . 9 6 7 *  
- C . 8 9 5 3  
- 0 . 8 2 8 9  
- 0 . 7 5 2 7  
- 0 . 6 4 * 3  
- 0 . 5 0 7 5  
- 0 . 3 2 3 5  
- 0 . 1 7 3 3  -0.01 It 
0 . 1 5 2 5  
0 . 3 1  13 
0 . 4 5 8 1  
0 . 5 3 3 9  
0 . 6 8 8 2  
0 . 7 3 9 7  
9 . 7 9 * 6  
0 . 7 9 6 9  
0 . 7 6 0 8  




13 12 6 
5
(000 1 
. 4 8 4  9 
. 5 1 3 2
. 4 3 6 7
. 8 7 0 *
. 6 3 2 4.1431
. 1 4 4 4
. 5 3 9 6  
. 2*81 
. 1 6 1 8  
. 5 7 1 5  
.5161  
. 3 6 6 4
. 0 6 3 2  
. 3 2 * 2  
. 4 6 7 0  
. 8 0 7 2  .231 1 
. 3 2 2 7  
. 1 0 3 5  
. 6 3 2 2  
. 6 5 7 *  
. 0 3 9  I 
. 1 2 8 8  
. 3 6 5 *  
. 2 2 9 3  
. 0 3 5 9  
. 2 3 4 6  
. 1 5 6 4  
. 3 3 2 *  
. 9 3 6 6  
. 4 0 0  I 
. 1335 
. 9 7 5 3  
. 0 4 6 9  
.471 6 
. 3  139 
. 5 0 3 3  
. 4  ISO 
. 0 1 1 7  
. 9 8 2 2  
. 7 3 2 2  
. 4 4 3 7
C(£v £n ) 
- 0  . 2 7 7 6  
- 0 . 3 2 0 *  
- 0 . 0 8 4 1  
- 0 . 0 4 4 7  
- 0 . 1 8 4 3  
- 0 . 1 1 8 3  
0 . 3 1 1 6  
0 . 5 0 * 7  
0 . 5 0 3 0  0.2319 
0 . 0 0 3 *  
- 0 . 6 9 6 6
-  1 . 4 9 0  5 
- 1  .6051  
- 0 . 2 0 0 6
0 . 3 3  13 
- 0 . 3 2 2 0  
0 . 2 9 2 3  
-O' .  1561 
C . * 8 9 6  
- 0 . 3 0 5 4
- C . 0 2 3 6  
- 0 . 3 6 1 7  
- 0 . 3 5 6 6  
C . I 7 1 7 
0 . 0 3  16
0 . 4 4 1 4
0 .349* 
1 . 0 6  38
-  1 . 0 1 6 5  
- 0 . C 3 3 1
0 . 6 0 0 7  
0 . 2 3 0 7  -2.2813 
- 6 . 0 9 0 5
0 . 6 4  91
- 2 . 6 5 6 0  
- 0 . 4 5 6 0  
0 . 3 6 4 5  
C . 34 6 1 
- 0 . 1 3 2 0  
- 0 . 5 9  49 
- 0 . 0 3 3 5
5 tJM ( C 
- 3 * 6 .  
- 2 5  5 .  
- 1 3 5 .  -1*1. 
- 1 1 4 .  
- 9 0 .  
- 7  7.  
- 6 5 .  
- 6 3 .  
- *  7.  
— 3 > • 
- 3 2 .  -20. 
- 9 .  - 1 6 
1 3 .




0 .  
0 .
I!
2 .3. 5 . 
3 .
1 1 . 
15 . 
2 0 . 
2 8 .  
3 1 . 
3 3 .  44 . 
5 0 .  
5 6 .  
O C  . 
O* . 66. 
6 7 .
(1)1 
26 0 3  
8 7 * 6  
1 6 9 7  51 32 
582  1 
532 4 
6 2 0 4  
* 9 2  1 
9 8 9 9  
102 7 
9S30
5 1 * 3
562 6 
6 * 6  7 
3 9 9 6
2 9 7 4  
2 6 7 9  
1 5 0 2  
1927  
9 6 5 2  
990  0 62 30 
9 8 2 9  
0 0 3 2  
0 8 2 3  
705 3 
516 3  68*0 
* 9 9  0 
1308 
8 7 7 9  
8 7 9 *  
60 7 6 
9 9 4 4  
9 0 7 4  1 43 a 
4 6 4 4  
5 5 9 5  
1 1 33 
8 3 *  1 
* 3 4  7
7093
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-*0.0000 1 2.9590 0.6668-*2.000 0 12.8532 0.6563■-**.0000 I 2.59*2 0.62*0-*6.0000 12.1770 0.5713-*8.0000 1 1.6222 0.5003-50.0 00 0 1C.9501 0.*136-52.0000 1C.1841 0.31*5-5*.OOOO 9.2500 0.2063-56.0000 £.*728 0.0925-58.0000 7.5809 -0 .023*-60.0000 C-6949 -0.1395-62.0000 :.7e37 -0 .2593-6*.OOOO 4.7123 -0.3956-66.OOOO 2 . 79 I 1 -0.51*5-68.0000 2.99*1 -0 .6169-70.0000 2.05*7 -0 .7363-72.0000 1.1153 -0.8529- 7 * .OOOO a C.17 39 -0.9520-76.0000 - 1 . 4 4 4 * 5 -1.1878-78.0000 -2.0520 - 1.3925-30.0000 -4 .*59 I - 1 .5757-82.0000 -3.5722 -1.7218-84.0 000 -7. 02e* -1.9133-36.0000 - £.9* 0 7 -2.1662-38.0000 -11.4799 -2.5024-90.0000 -14.574 1 -2.9526-92.0000 - 19.C*39 -2.506*-9*.OOOO -2 2.2180 -3.9297-96.0 00 0 -2C.C225 -4.*3*8-98.0000 -2 C.39*6 -5.0*33-100.0000 -36.1083 -3.7773-102.0000 -41.7795 -6 .6657
- i c*.o 000 - * £ . *513 -7.4213-106.0000 -34.9206 -3.23 32-I 08.0000 -62.2724 -9.2761
ST ATE**5N r s 5 XSCC TEC- 2203966 .






1 .0995 0.1036 69.93602.253* -0.8119 72.0191-C .7955 I .7309 74.6890C.1319 0.2631 75.4799-0 .0970 -0.0595 7s.1668-0 .5369 -0 . 1098 73.7756-1 .3002 0. 1003 71.3759-22.5063 21.8568 63.0770C . 3099 -2.3336 64.019812.17*6 - 1 4.5009 39.3673-2.1712 -0.36 53 54.2941-2 .6385 -0 .32 1 1 * d -37 *7-* .4080 0.6870 *0.9327-2.7136 -0.71** 3*.077C-2.3095 -0 .8007 27 .8566-5.2001 1.2208 19.8020-5.6761 I.*392 1 1 .*030-4 .0565 -6.4 188 2.4573-6.9521 -1.2*65 -13.9397-7 .3**5 - 1 . 20 13 -3 1 .0307-7 .0*32 -0 .d6A9 -*6.8*72'-7 .*59* 0.7323 -60.20 I 2- 1 2 . 9 99 0 4.1161 -77.9002-13 .07*7 I . 1663 - 10 1 .70*6-16 .2570 0.17*0 -133.9525-22.3199 C . 9297 -177.7327-25 .1371 -2.363* -232.8338-2 I .2613 - 1 . 1687 -277.69 36- 27 .9260 0.6259 -332.2939-3* . 7527 l.*19l - 39 8 . 9 6 I 2-27 .0083 -3.0197 -*00.6109-52 . 76*3 2-S9 7i -500.9509-*2 . 1937 -2.82*3 -670.99 73-50.8566 -1.3057 -775.3210-61.37*1 . . 0.91 16 -897.2*71
S . 4 C 0 A Y  A 9 £ *  3 “0 0 a 3 TT> 3 V T £5
. C7
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Sanple Ingot k
Metal Chenistfy - C 3.92 f., Si 2.53 C.£. k .76
Mn 0.76 f*. Cr 0.14 Cu O.13 *.
A I  0 . 0 2 2  Mg 0 . 0 3 4  f . ,  S 0 . 0 0 8  S .
•X ( 1 > 7 ( 1 ) 9 ( 1 ) C ( C O O  1
2 2  .0*0 0 0 5 2 . 2 0 5 5 5 . 9 0 9 * 3 - 7 C 0 . 0 7 0 3
Z C . 3 C 0 0 3 7 . 2 2 3 5 3 . e 7 5 2 2 3 . 1 2 3 7
1 0 . 3  0 0 0 2 2 . 4 2  8 3 1 . 9 9 9  1 I 9  . 4 0 7 1
L 6 . 3 0 0  0 I * . 2 C 1  7 0 . 7 7 2 2 1 0  . 3 5 2 9
1 4 . C O O O £ . 0 1 0 9 C . 0 3 9 8 4 . 3 3 4 9
1 2 . C 0 0 3 3 . 3 7 0 0 - 0  . 3 0 5 4 - 2  . 7 3 4  1
1 0 . 0 0 0 0 2 . 79 1 0 -*3.61 7 2 - 1  . 3 4 0 1
0 . 3 3 3 0 I . 0 7 C 0 - 0  . 7 3 9 4 - 1  . 1 0 5 3
6 . 0 0 C 3 2 . 1 0  6 3 - C  . 0 2 9 0 >  - 1 .0 1 6 3
4 . 0 0 0 0 1 . 3 0 7 0 - C  . 0 9 4 2 - C  . 5 4 7 1
2 . 3  0 0 3 1 .1000 - 0  . 3 0  2 2 - C  . 2 2 3 0
0 . 0 0 0 3 t . C O C O - 1 . 3 3 5 6 - 1  . 0 7 2 3
- 2 . 0 0 0 0 1 . 2 C 9 0 - 0 * 9 2 9 4 - C  . 1 0 2 2
- 4 . 3  3 0  0 I . 4 1 9 6 - 0 .0945 0 . 1 1 9 5
- 0 . 0 0 0 0 1 . 6 2 9 a -0 .0000 - C  . 7 4 1 4
- a . o  o o o 1 ■ £ 7 4 0 - 0 . 0 2 5 4 0 . 2 2 2 4
- I C . 3  3 3 0 2 . 2 C 9 7 - 0  . 7 6 1  a C . 3 0 3 2
- 1 2 . 0 0 0 0 2 . 4 1 2 0 - 0 . 7 2 0 4 1 . 2 3 0 1
- 1 4 . 0 0 0 0 2 . C 9 4 4 - 0  . 6 6 4 3 C . 6 3 2 3
- 1 6 . 0 3 3 0 2 . 4 9 1 0 - 0 . 6 0 9 2 0 . 0 4 4 5
- 1 0 . 0  0 0 0 2 . 0 5 4 9 - 0 . 5 3 7 3 0 . 0 7 3 5
- 2 0 . 0  0 0 0 4 . 2 0 1 0 - 0 - 5 0 0 6 1 . 0 9 5 3
- 2 2 . 0 0 0 0 4 . 5 2 2 0 - 0  . 4 0  3(3 C . 6 0 6 7
- 2 4 . 0 0 0 0 a . 0 0 4 9 - 0  . 4 2 2 3 0 . 7 6 2 3
- 2 0 . 0  0 0  0 3 . 0 4  c 8 - 0 . 3 8 7 9 0 . 9 3 2 3
- 2 0  .C C O O 3 . 2 2 1 3 -C* . 3 6 0 9 t . 0 3 5 9
- 2 0 . 0 0 0 0 3 • 4 2  C 9 - 0 . 3 3 1 7 1 .449 t
- 2 2 . 0 0 0 0 3 . 7 0 3 8 - 0 . 2 9 2 2 3 . 3 3 5 4
- 3 4 . 0  3 0 0 3 . 9 3 3 3 - 0  . 2 5 0 9 - 2  . 2 2 4  i
- 3 6 . 0 0 9 * 3 6 - 1 6 9 9 - 0 . 2 2 0 - 1 . 7 0 0 7
- 3 0 . 0  0 0 3 t . 2 4 2 2 - 0 . 2 0 1 5 I . 2 7 0 4
- 4 0 . 3  3 0  3 C - 4 7 1 0 - 0  . 1 0 2 6 I . 0 3 9 2
- 4 2 . 0 0 0 0 4 . 5 5 0 7 - 0  . 1 7 0 2 3 . 6 9 1 9
- 4 4 .3 3 0 0 9 . 5 0 0 3 - 0 . 1 6 4 4 C . 3 5 6  9
- 4 6 . 0 3 0 0 4 . 3 5  9! - 0 . 1 6 5  4 1 . 1 6 0 0
- 4 0 . 0 0 0 0 4 . 5 0  6  7 - 0  . 1 7 3 6 - 0 . 2 1 1 0
- 5 0 »  3 0 0 0 4 - 4 C 9  4 - 0 . 1 3 1 3 - C  . 5 5 3 1
- 5 2 . C  3 3 0 4 . 2 6 4 0 - 0 .  1 9 9 0 C . 2 9 0  1
- 5 4 . 0  0 0 0 4 . C 8 1 0 - 0 . 2 2 1 9 Q .0 5 3  6
- 5 6 . C  30 0 „ 3 . 0 5 8 6 - 0 . 2 4 9 9 C . 0 6 3 5
—  5 0  .3 3 0 0  J 
- 6 0  . 0 0 0 0 /
3 - 6 C 16 - 0 . 2 6 2 3 - C  . 7 4 0 3
3 . 2 1 6 2 - 0 . 3 1 0 4 3 . 1 3 1 2
- t i ^ o o o a 5 * 0 C  7 9 - 0 . 3 5 7 9 - C  . 3 8 4 9
C l E v I n 3 
-<■> . 1 3 * 4  
- 0 . 0 4 6 3  0. 039*5 
0 . 1 6  5 0  
0 . 1 7*97 
- 0 . 3 3 6 5  
- C . 1 2 0 5  
0 . 0*54.0 
0 . 3 4 6 0  
0 . 0 5 7 6  
- " . 0 5 3 4
0 . 5*50 1 
C . 6 0  2 6 
0 . 1  I 2 6
1 .01 73 
0 . 1 2 0 3  
0. 3*530
- 0 - 6 0 9 7  
0 . 1 7 1 0  
- 0 . 0 0  77 
0 . 0 2 9 1  
- 0 .  1 1-79 0.3434
0 . 2 9 3 2
0 . 1 1 o 2  
- 0 . 0 3 0 6  
- 0 . 3 S 4 3  
- 4 . 5 0  9  1
4 . 5 5 4 3  
- 0 . 3 9  ia -0.017o 
0 - 0  06.0 
0 . 3 9 2 9
3 . 1 3 2 2  
- 3 . 3 5 7 6  
0 . 9 1 7 5
1 . 0 9 5 2  
0 . 0 6 8 6  0.1148
-3 . 0 3 7 5  
0 . 5 3 2 5
- 0 . 5 2 7 4
- 0  . 132*3
S U M  < CI I ) > 
- 1 0 3 . 3 3 6 6  
- 5 3 . 1 6 2 0  
. - 1 4 . 1 2 3 1  
7 . 0 0 7 3  
1 0 . 0 3 7 0  
9 . 7 9 5 8  
5 . 0 6 2 7  
3 • 0 4  1 6 
2 . 5 0 5 2  
1 . 5 2 6 3
0 . 9 7 3 4  
0 . 0 0 0 8  
t . 0 0 9 6  
1 . 4 7 3 0  
2 . 0 2 5 7  
2 . 7 2 7 0  
3 . 6 0 0  9 
4 . 9 2  1 7  
6 . 5 3 1 6  
6 . 2 0 4 9  
1 0 . 0 0 9 9  
I I , 9 0 4 0  
I 4 . 0 2 4 9  
1 6 . 1 3 5 9  
t 0 - 2 3 3 0  
2 3 . 2 5 0 2
2 2 . 4 3 9 9  
2 5 - 0 9 2 1 
2 7 . 7 5 2 9  
3 0  . 3 7 0 3  
3 2 . 0 9 1 0  
3 5 . 2 6 3 8  
3 7 .4334 
3 9 . 3 5 1 S 
4 0 . 9 7 4 0  
4 2  . 3 6 S 4  
4 3 . 4 6 9  0  4 4.1372 
4 4 . 5 2 4 0  
4 4 . 4 7 5 74 4.0403
4 2 . 2 5 6 0  42.1222
C3
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-64.0000 -66.0 000 -63.0000 — 7C.OOOO -72.0 300 -74.0000 -76.0000 -70 .0 000 -90.3000 — d2.0000 -84.0000 -96.0000 -88.3300 -90.0 000 -92.0000 -94.0000 -96.0000 -98.0000 -1 00 .3303 -I 02.0000 -t 34.3 330 
-106.3300 -108.3000 -110.OOCO •I 12 .3000 -1 14.3 03 0 -1 16.3COO ■1 18.0300 -I 20. 3300 •I J2.0 300■ 124.3000 ■t 26. 3300 •128.0000 -130.3000 -1 32 .3000 -134.3000 ■I J6. 3000 ■t38.Z30 0 ■I 40. 3300■ I *?. iooo
4.6624 -0 .3995 -0 .6362 ‘ -C.08394.2437 -0.4426 — C .6782 -0.13034.0022 -0.4364 — C .8399 -C. 13452.6603 -0.3303 -I .0159 -C.05142.2220 -0 .3736 -1.5100 C.37302.73 1 2 -0 .6468 -2.2449 -0 .1296;.2208 -0.7143 -2.14 16 -0. 1806I.77C 0 -0.7713 -2.0937 O'. 0*651-2937 - 0 .8207 -2.3165 0.2116C.7Q03 -0 .6929 — 3 .0469 0.4 139C.2673 -0.9483 -5 .3346 2.5699- C - 29 12 -1.0531 -3 .9919 0 . 8 2 29-C-8999 -1.1212 -2.3*63 -0.0660- T .50 83 - 1 . 1963 -2.3360 -0.4 337-2.0554 - I .2662 -2.2930 -0 .26 I 2-2.2417 -1.3289 -3 .8694 0.5493-2.1693 -1.4105 -2.9245 -0.4302-2.9243 - t .5092 -5 .4678 0.1311-4.46 19 -1.5799 -4 .1332 C .0295-5.C93 1 - 1 .6630 -5.1441 0.2537- 2.8368 - t.76 11 -4.9576 -0 .3772'— 6.7161 -1.3773 -6.261 3 -0. 72*3- 7. 7390 -2.0154 -8-2569 -0.1*57-£.9999 -2.1798 - 10.1592 0.0265-12.4312 -2.3763 -12.6250 0 . 3656-12.2354 -2.6118 - 16.3*41 I.4646-14.0703 -2.5529 - 1 6 .8380 1.17 11-12.2601 -3.0644 - 14.5321 0.1310-17.4c39 ' -2.20*6 -16.4070 -0.1255-I 9.5205 -3.5730 - IS .8382 -0 . 1999-21.8623 -3 .8 89 7 -20 .44fl9 -1.5113-24.3365 -4.2*57 -21.2812 0 .0078-27.5950 -4 .6329 -29.6369 0.269 1-21.1686 -5.1288 -23.61 1 3 0.96*6-32.29CJ -5 .6 773 -*0 .6334 0.2126— 4 C■C437 -6.3109 -4 7.0 711 -0.0927-45.5230 -7 . 04 26 -56 .2491 1.1223-5 1. 9926 -7 .8896 -63.1210 -I.4284-39.3712 -3.9 127 -7e .8600 -1.7177-6£.5«l6 - n . i  no* -93.887 t - 1 d*
4 0 .38.37.
. 3 4 .32. 27. 
23. 19. 1 4 .  9. 
3. -2. 
- si .-17.
- 2 4 .-3 1 . -39. -SC. -3d. -6 3. — dO .
- 9 4  .-Ill- -13 1. -136. - 1 35. -216. -243. -273. -3 I o* -3o 0 .-All. 
- 4 7  0 .  -639. -o20. 
- 7 1 4 .  
-32-. -954. -1111. 
- t
6782 9609 0121 8773 6037 
8546 2106 1124 
502 3 2363 7065 6 3 1 3 8638 3932 SO 7 7 1-8 i
8373 5703 7778 5-88 21 35 1 999 0032 2703 7869 5457 8796 
6 4  1 9 
7065 732 7 7029 4300 1853 4792 3247 
6326 9060 0046 159004 1 *1
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Sample Ingot 5
Metal Chemistry - C 3.55 *!•> Si 2.^5 C.E. k-37 
Mn 0.67 Cr 0.13 Cu 0.1> JC. 
AI 0.OI8 Mg O.O36 £, S 0.006 £.
X 1 I 1 7(1) 9(1) C (300 > C(Eves)53.c 00 0 1 1 2.2390 13.9193 -829.962* -0.32*156 .OOOO S6.2C 70 12.0*38 65.4790 -0.1639
5 4  . J OOO 4 5.84 78 10.382a . 53.7791 0.1161.52.OOOO 7a . 34 C7 8.9084 4 7.5*6 3 0.0833S C .3 30 C 6 4.2*96 5.0317 29 .8234 -0 .046443.0000 6 5.6132 7.6787 15.778 1 -0 .293243.0000 42.C066 7.3239 14 .9334 -0.236344.000 0 60.1*91 6.9*59 14.44 19 0 .290642,0000 5 9.1803 6.8148 7.9873 0.703940.OOOO 57. 924 1 6.6*35 S .6018 0.337723 .0000 5 7.27C5 6.3361 7 .006* 0.331336.0000 53. 7*95 6.3312 S .9285 0.303334.0000 5 C . fi 8 8 5 3.6907 1ft.3**0 0 -0 33832.0 000 43.e969 3 .0 303 16 .4373 -1.031630.000 0 * C. 4729 4.3298 1 6 .*992 -2.018723.0000 3 3.54 2 4 3 • 6*66 13 .*362 -C.65 762 5 .. 00 0 2 0.53 92 2.0003 10 .63*2 0 .22532*.OOOO 24.162* 2.2805 9 .8288 -0.356222.0000 21.4173 I . 7936 7.4337 0 .25 3 12C .0000 17.9596 1 .2737 5.7270 0 . 172313.0 000 14.6 7 56 0 .8325 4.3707 -0.206916.C 000 1t.7485 0 .4383 4 .5288 -I .653614.OOOO 4. 04*7 -C .0586 I .6821 0.135612.0000 3.1874 -0.4232 -* .238* 0.938310.0000 2.3554 -C . 6390 I .7463 -2.32613.0000 2 .61.56 -0 .760 4 -0 .2367 -0 . 7 4266.COOO «•C 6 03 -0.3332 -C.237? -0.36 1 74.0300 1.3435 -0.8963 9.3563 -10.27962 .OOOO 1.1133 rfjgt 1. OOCO -0.9043 -0.1521 -0.13*80.0 000 -I.38 56 -C.3183 -0.1651-2.3000 I . 27.96 -0.96*0 0.0666 0.46*4--4 .3000 1. 7552 -0.896* 0 .1334 0 . 1875-6.0000 I. 13 39 -0.8321 -C.0307 0.422*-8.0000 I .3633 -0.7655 C .2993 0.23*8- 1 0 .0 3 0 : 2.2 ?5 8 -0.67C2 C .73*0 •7.0 73 3-12.0000 4.2292 -0.5*76 293.8530 -294.60*6-14.0900 5.4144 -0-3893 0.3290 1 .13*8- 16.0000 6.3123 -0 .2394 2.3337 -0.9535- 15.0000 7.4737 -0.1061 t .0272 1.00 1 6-20.0000 t.3996 ' 0 .0213 1.8600 0.3716-22 .3300 5.2330 r* .1383 1 .307 2 6 . 5*34-2*.3000 9.5**9 0.2372 2.4326 -0.0706-26.2000 1 C . 4 7 9 2 0.31 2-2 3.3103 - 1 .06 12
S u m  t C ( I ) ) -7*3.89 79 
-013.2791 -SO 1 . 4678 -•*06.223* -3*6.6o33 -315.6930 -290.2396 -25 0.3252 -239.A4.22 -221.3627 -20 0.3o6 7 -lor.9 2 3 1 -155. 1o3 6 -124.4521 
-95-4912 
- 0 9 . 3 J 4  0 
- 4 6 . 1 1 1 ?  -29.1697 -13.7261 - I .926 2 6.3994 
1 2 . I 4 9 9  15.7352 9.1*60 
5•3 Q7 2
3 .5684 
2.291 1 t.5*52 C.97’7 
0 . 0 0 4 9  
1.0 710 
1 .6 766 
2 . 4 6 0 2  
3 . 5 2 6 3  
5.193 1 
7.5752 
1 0 . 9 4 2 6  
14.7*7 1 
13.30*4
2 3 . 2 6 7 6  
27 . 9 6 9 0  
J 2.6931 
3 7 . 1 9 2 *
CIO
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- 2 3 . 0 0 0 0 I C . 6 0 0 7 C * 3 6 1 6
- 3 0 . C O O O 1 C . 9 1 2 * 0 . 3 0 0 0
- 3 2 . 0 0 0 0 1 C . 7 0 2 9 0 . 3 6 7 5
- 3 4 . 0 9 0 0 I C . 8 2 9 6 0 . 3 7 7 4
- 3 6 . 0 0 0 0 1 C . 0 1 9 5 0 . 3 7 9 5
- 3 0 . 0  5 0 0 1 C . 6 4 1 * 0 . 3 5 9 3
- * 0 . 0 0 0 0 I C . 3 0 3 3 0 . 3 1 7 7
- * 2 . 0 0 0 0 . 9 . 6 2 C 9 0 . 2 5 7 0
- 4 4 . 0 0 0 0 9 . 2 1 5 5 0 . 1 7 9 9
— » 6 . 0 0 0  0 6 . 5 1 3 0 0 . 0 8 9 0
- * 6 . 0  0 0  0 7 . 7 * 1 7 - 0 . 0 0 9 3
- 5 0 . 0 0 0 0 6 . 9 3 0 8 - 0 . 1 1 3 8
- 5 2 . 0 0 0 0 6. 1 0 0 3 - 0  . 2 1 9 7
- 5 4 . 0 0 0 0 4 . 9 5 6 9 - 0 . 3 6 * 4
- 5 6 . 0  0 0  0 2 . 0 7 4 3 - 0 . 5 0 7 3
- 5 3 . 0 9 0 0 5 . 9 * 3 6 - 0 . 6 2 6 0
- o O . O O O O 1 . 0 6 3 1 - 0 . 7 6 1 3
- 6 2 . 0 0 0 0 C . 7 8 7  0 - 0 . 0 9 1 2
- 5 * . 5 0 0 0 - 0 . 4 5 3 4 - 1  . 0 7 2 7
- 6 6 . 0  0 0 0 - 2 . 1 2 0 1 - 1 . 2 7 1 2
- 6 3 . 0 0 0 0 - 2  . 7 0 6 7 - 1  . 4 0 5 1
- 7 0  . 0 0 0 3 1 5 2 7 - 1 . 6 6 3 3
- 7 2 . 0 0 0 0 - 6 . 6 9 1 2 - 1 . 8 6 5 *
- 7 4 . 0 3 0 0 - 6 . 7 5 * 6 - 2 . 1 * 1 »
- 7 6 . 0 0 0 0 - 1 0 . 2 5 3 5 - 2 . 3 * 9 1
- 7 8 . 0  O O O -t  2 . 2 7 0 5 - 2 . 6 0  3 3
- 3 0 . 0 0 0 0 - 1 4 . 6 2 2 6 - 2 . 9 1 S S
- 3 2 . 0 0 0 0 . - 1 7 . 5 2 5 0 - 3 . 3 0 0 9
- 3 4 . 0  0 0  0 - 2  1 . 1 1 9 2 - 2 . 7 7 0 5
- 3 6 . 0  5 0 0 - 2 5 . 5 4 2 2 - 4 . 2 7 3 *
- 3 3 . 0 0 0 0 - 2 1 . 1 6 5 6 - 5  . 1 1 76
- 9 0 . 0 0 0 0 - 2 5 . 6 0 9 3 - 5 . 7 0 6 7
- 9 2 . 0 0 0 0 - 3 9 . 5 0 7 0 - 6 . 2 2 5 9
- 9 4 . 0 0 0 0 - 4 2 . 5 7 7 4 . - 6 . 0 0 9 3
- 9 6 . 0  5 0 0 - * 6 . 7 8 2 9 - 7 . 4 6 1 9
- 9 5 . 5 0 0 0 - 5 4 . 2 9 4 9 - 0 . 1 9 6 4
■I C C . 0 0 0 0 - 6  C . 4 9 3 7 - 9 . 0 2 2 5
■1 0 2 . 0  3 0 0 - 6 7 . 4 7 2 3 - 9 . 9 5 2 5
;t c i F a i f r h i  ; i * « i 4 3
2 . 5 0 4 1  
I . 5 * 5 1  
0 . 0 3 1 7  
1 . 3 0 3 3  
2 . 2 5 9 9  
C . 0 3 7 3  
0 . 2 2 3 2
o . o n *
- 0 . 2 5 1 5  
- 0 . 3 5 7 5  
0 . 3 * 7 0  
- C  . 2 2 6 2  
6 . 5 3 0 1  
- 2 . 7 0 0 *-*.su i 
- 2 . 6 * 6 0  
- 3 . 7 5 7 2  
- * . 9 6 d 9  
- 8 . 1 7 5 6  
- 6 . 9 7 6 9  
- 7 . 0 0 2 7  -5.5201 
- 6 . 6 6 7 0
- 1 C ■ 1 2 3 3  
- 1 0 . 0 7 4 9
-  1 * . 3 1 9 6
-  1 6 . 6 5 5 7
- 1 9 . 4 6 7 1  
- 2 5 . 1 5 7 9  
- 2 6 . 3 5 0 9  
- 3 * . 1 * 3 3  
- 2 C . 3 3 1 3  
- 2 9  . 9 0 1 3  
- 2 0  . 5 5 0 7  
- 2 9 . 7 0 7 9  
- 3 9 . 7 3 9 0  
- * 7  . 7 * 5 7  
- 3 6  . 5 * 3 2
- 0 . 4 9 6 3 41. 2 0 7 8
0 . 0 9 7 3 * 4 . 4 9 3 7
0 . 2 9 2 * * 6 . 8 4 1 8
0 . 2 3 3 9 * 9 . 9 1 5 8
- 0 . 3 * 4 3 5 2 . 7 4 6 8
n . 9 4 0 7 5 4 . 7 1 9 7
0 . 2 0 9 3 5 5 . 7 * 4 4
0 . 0 0 6 6  . 5 5 . 7 0 0 0
- 0  . 1 3 9 9 5 4 . 0 3 7 *
- 0 . 0 * 2 9 5 2 . 9 7 6 1
-  1 . 6 3 5 6 5 0 . 3 0 0 3
-  1 . 4 *  3 9 4 6 . 9 5 0 *
- 0 . 4 6 1  I * 0 . 0 0 3 6
- O . S l 7 9 3 6 . 6 3 * 0
1 . 0 1 3 0 2 9 . 6 * 7 7
- 0  . * 3 9 5 2 2 . *  7 6 o
- 0 . 1 5 5 9 1 5 . 0 5 3 4
0  . 7 4 0 1 7 . 2 0  3  7
2 . 9 9 0 5 - 0 . 1 6 1 6
* 0 . 8 1 7 2 - I  7 . 5 * 9 5
- 0  . 3 3 0 0 - 3 3 . 6 1 6 2
- 1  . 3 5 5 6 — *  7 . 3 o 7  7
- 1 . * 0  1 2 - 0 3 . 5 0 * 2
-  1 .09 1 * - 3 5 . > 3 3 *
0 . 9 5 7 9 - 1 0 * . 1 6 7 *
2 . 9 7 * 4 - 1 2 6 . 0 5 3 02 , 4 7 4 - - 1 5 5 . 2 2 0 *
1 . 6 6  1 9 —  19 0 . d 3 0  6
2 . 7 3 0 7 - 2 3 5 . 7 * * 9
- 2 . 1 3  13 - 2 9 2 . 0 * 9 *
—  2 . 0 7  19 - 3 6 5 . 0 0 0 6
- 0 . 1 6 3 6 - * 2 6 . * 7 0  7
1 . 2 9 3 0 - 4 0 3 . 7 5 7 3
- 2 . 0 9 7 0 - 5 * 9 . 0 5 3 2
2  . 5 5 0 0 - 6 2 3 . 5 2 7 0
- 2 . 7 6 0 1 - 7 0 0 . 5 3 9 6
-•3 . 3 0 0 2 - o O  5. o *  7 5
I . 0 3 6 6 - 9 1 6 . 6 6  0 6
/•
cu
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Sample Ingot 6
Metal Chemistry - C 3.67 s i  2.52  c . s .  t .51
Mn 0.65  f .■ , Cr 0.1k S, Cu O.lh
Ai 0.020
\
Mg 0.033 S 0.006
m i ) 7 ( 1 ) 9 ( 1 ) C (000 ) C ( EV6 n )
* 0 . 3 3 0 0 t o £ .  *4 a 7 1 3 . 4 0 2 5 - 7 * 1 . 3 2 6 * 0 . 1 3 0 0
3 8 . 0  OOO 8 9 . 9 2 7 7 1 0 . 9 2 5 5 59 . * 0 4 6 - 0 . 0 3 2 3
3 6 . 0 0 0 0 7 * . 2 1 7  1 8 . 3 2 1  * 4 7 . 6 5 9 6 0 . 0 * 2 6
3 * . 0 0 0  0 6 C• 9 4  13 7 « 0 * * 2 3 7 . 9 9 3  7 - 0 . 0 5 3 3
3 2 . 0  00 0 * 9 . 7 9 2 4 5 . 5 5 1 3 2 9 . 9 3 3 5 - 0 . 1 0 9 6
2 0 . 0  OOO 3 5 . 5 1 «2 3 . 6 4 1 0 2 2 . 8 5 9 0 " . 1 7 3 9
23 .0000 2 4 . 8 * 0 0 2 . 2 1 * 7 2 2 . 0 6 7 * 0 . 36 I 7
2 6 . 0  300 1 7 . 8 0 7 5 1 . 2 7 6 6 1 2 . 9 3 7 2 C .30  73
2 4 . 0 0 0 0 1 2 . 1 6 1 3 0 . 5 2 6 6 9 . 0 1 5 1 0 . 0 7 0 8
22.0000 8 . 6 0 8 2 0 . 0 5 6 3 4 . 6 6 9 9 - 0 . 1 3 7 9
20 . 00C0 8 . * 6 7 5 ' 0 . 0  30 5 - 3 . 7 2 3 2 -C . 0 5 0 5
1 3 . 0 0 0 0 8 .  C» 70 - 0 . 0 3 3 0 - 0  . 7 7 3 2 - 0 . 2 *  79
1 6 . 0 0 0 0 7 . 8 2 3 3 - 0 . 0 7 1 3 - 1 . 0 1 7 7 - 0 . 1 3 7 5
1 4 . 0 0 0  0 7 . 3 2 1 2 -0 . 1538 - 1 . 4 3 8 9 - 0 . 0 3 5 6
12 .OOOO 3 . 8 4  7 1 - 0 . 3 3 2 * - 2  . 5 * 9 3 0 . 3 8 * 3
10 .  OOO 0 * . 3 9 0 3 - 0 . 3 * 8 6 - 1 . 9 4 7 1 0 . 1 7  55
a . c o c o 2 . 2 8 7 2 - 0 . 6 9 7 5 - 1 . 2 7 * 9 0 . 0 3 3 3
6.0 000 1 . 4 5 3 8 - 0 . 3 1 3 2 - I  .1021 0 . 3 1 5 *
4 . 0  000 1.  8258 - 0 . 8 9 5 3 -0 . 3 7 5 8 - 0 . 1 3 2 *2.0000 1 . 1287 - 0 . 9 2 * 3 — C . 3 9 7 0 0 .0  369
0 . 3 0 0 0 1. COCO - I . 3 3 5 6 C . 2 7 2 3 - 0 . 7 6 3 8
- 2.0000 1. 1913 - 0 . 9 2 * 8 0 . 3 7 3 9 0 . 1 2 3 0
- 4 . 0 0 0 0 1 . 2 3 1 9 - 0 . 8 9 3 * 0 . 1 * 5 7 0 . 0 7 3 6
- a . - a o o o 1 . 5 9 0 3 - 0 . 3 6 2 3 - 0  . 3 6 6 5 0 . 6 3 6 3
- a . o o o o i . e * 9 9 - 0 . 8 2 7 2 C . 0 9 0 5 0 . 2 6 3 2
- 1 0 . 0 0 0 3 2 .  1488 - 0 . 7 3 7 0 - 0 . 1 2 * 7 0 . 3 7 3 6
- 1 2 . 0 0 0 3 2 . 3 7 9 6 - 0 . 7 5  22 - 2 9  . 6 7 0 3 30 . 1 * 2 *
-  1 4 . 0 3 0 0 2 . 3 * 9 2 - 0 . 7 2 * 6 C .2 4 3 S  ,, 0 . 2 2 7 0
-  1 6 . 0 0 0 0 2 . 6 7 2 * - 0 . 7 3 2 1 C . 2 3 0 7 0 - 1900
- 1 8 . 0 0 0 3 * .  7 *  1 7 - 0.6888 C . 3 9 3 2 0 . 0 * 3 2
- 20.0000 — 5 . 7 5 2 6 - 0 . 6 8 2 3 0 .2 6 7 1 0.1116
- 22.0000 2 . 7 * 0 2 - O . 6 7 9 4 0 . 5 2 5 2 - 0 . 1 7 7 6
- 2 4 . 0 3 0 0 2 . 7 3 8 3 - 0 . 6 7 5 9 3 . 3 1 3 0 0 . 0 * 8 2
- 2 6 . 0 3 0 3 < . 6 9 4 7 - 0 . 6 7 8 1 - 0 . 1 1 7 2 0 - 4 0 5 4
- 2 8 . 3  303 2 . 6 1 1 2 -0 . 6 3 5 5 0 . 3  794 0.12 28
-  3 0 . 0  300 2 . 4 9  1 7 - 0 . 6 9 7 7 C . 0 5 9 5 5 . 0 * 3 3
- 3 2 . 0 3 0 0 2 . 3 * 1 3 - 0 . 7 1 4  1 0 . 0 0 9 7 0 . 000 *
-  3 4 . 3 0 0 0 2 . 0 1  15 - 0  . 7 5 2 1 - 0 . 4 5 7 1 0 . 0 1 9 7
- 3 6 . 0 3 0 0 1 . 4 2 3 4 - 0 . 3 1 9 7  ■ - 1 . 4 4 4 9 0 . 3 0 3 9
- 3 8 . 3 3 0 0 1 .OCOC - 0  . 8 6 6 7 - 1 . 1 1 2 8 0 . 2 2 * 2
- 4 0 . 3 3 0 0 0 . 2 5 2 6 - 0 . 9 2 6 6 - 1  . 1 9 7 7 - 0  . 3 8 8 6
- 4 2 . 0 0 0 0 - C . 1739 - 1  . 0 6 4 0 -1 . 0 8 1 0 - 0  . 3 3 5 o
- 4 *  0 3 3 0 - C . 6 3 7 7 - 1  . 0 9 5 2 -1 . 1 3 0 6 - 0 . 2 1 9 3
so.-* < C
- •*9 0 
- 3 7 1  . 
- 2 7  s .  -200. -1*1 
- 7 -  
- 3 0  
- 3 .  1 * 
2 3 .  21. 19 
1 7. 1 * 10 
a  .  
* .  2. 1 1 . 





9 .I 0 10. 1 0 1 0 9
7.
5 
2 .  — 0 . 
- 3 .
Ill) 
7 1 1 2  9060 
Se23 
691 3 
0 3 3 9  9=82 1000 
6 1 1 2  
So05
3 2 » a
9 6 7 4 
9 2 5 5  
5151 
5 66  1 
2 3 7 4  
69 4  1 
31 1 0 
7 3 7 5  
721 0 00 1 0 
0 0 6  I 
0 0 1 9  
450  3 
99  1 1 
0 9 8 3  
5 9 6 3  
5 4 0 6  
*9 1  7 
433  1 
3 0 9 8  
0 6 6 9  
7621 
4 3 * 8  
061 I 
40 5 6 
o61 0 012 
3 2 6 2  
5 * * 0  
7 6 6 7  
59 43 
238  7 
03 8 3
C 1 2
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\
■*<>•.0 00 0 - J . 1 0 Z S - 1 . 1 4 * 0
* 0 . 0 0 0 0 - 1 . 3 6 5 2 - 1 . 1 6 6 3
•5 0 .  OOOO -  1 . 6 0 0 8 - I . 2 * 0 3
• 5 2 . 0 0 0 0 —a • 3 0 6 0 - 1 . 2 6 1 5
• 5 * .  OOOO - S . 030 6 - 1  . 3 3 9 0
• 5 6 . 0 0 0 0 - 3 . 4 1 0 6 - I . * 3 2 0
3 8 . 0 0 0  0 • - 2 . 6 1 1 2 - 1 . * 6 7 7
6 0 . 0  000 - 4 . 3 1 3 6 - 1 . 5 7 0 4
6 2 . 3 3 0 0 - : . 242 i - 1 . 6 7 2 0
6 * . OOOO - e .  1263 - I . 7 0 0 4
■66. 000 3 - 7 . 2 1 1 * - 1 . 6 3 1 1
6 8 . 0 0 0 0 — 4 • 5 3 6 2 - 2 . 1 0 6 *
7 0 . 0 0 0 0 - 1 C . 1 7 6 6 - 2 . 3 2 3 0
7 2 . 0 0 0 0 - 1 2 . 2 0  61 - 2 . 3 0 1 6
• T * .  0 0 0 3 - 1 4 . 1 2 2 7 - 2 . 0 * 6 3
7 6 . 0 0 0 0 - 1 3 . 6 * 7 0 - 3 . 0 0 0 6
7 8 . 0 0 0 0 - 1 0 . 0 3 2 6 - 3 . 3 0 0 6
■ 8 0 .0000 - 2  0 . * 6 3 0 - 3 . 6 9 3 2
0 2 . 0 0 0 0 - 2 2 . 2 1 0 0 - * . 0 6 6 6
8 * . OOOO — 2 < • 6C70 - * . 5 0 7 2
8 6 . 0 0 0 0 - 3 0 . 7 3 1 * - 5 . 0 5 0 6
8 6 • OOOO - 3 0 . 6 7 3 2 - 5 . 7 3 * 3
6 0 . 0 0 0 0 - *  2 .  2 3 *  I - 0 . 3 0 7 7
6 2 . 3 0 0 0 - 4 6 . 7 3 6 0 - 7 . 3 0 6 3
■ 6 * . 0 3 0 0 - 3 0 . 0 2 3 0 - 8 . 7 6 7 4
■66 .0000 - 6  7 . 7 1 8 0 - 9 . 6 0 2 3
■60 .0000 - 7 0 . 0 * 7 0 - 1  1 . 0 6 2 2
- 1 . 3 0 * 0 0 . 0 7 5 0 - 6 . 0 5 3 0
- 1  .4301 - C . 1 * 3 8 - 6 . 3 1 * 6
- 2 . 4 0 1 0 1 . 0 7 3 3 - I  I . 9 6 7 *
7 . 6 2 1 0 - 9 . 3 0 * 0 - 1 5 . 2 9 * 6
- 2 . 6 5 2 8 0 . 4 3 3 6 - 1 6 . 7 2 6 1
- 2 . * 0 1 * - 0 . 1 1 0 1 - 2 4 . 7 3 2 2
- 2 . 4 2 3 7 0 . 0 3 7 * - 2 9 . 3 2 0 7
- 2 . 0 2 6 6 0 . 0 6 6 2 - 3 3 . 3 6 0 2
- 2  . * 2 8 2 - 0 . 1 8 3 6 - * 2 . 6 1 7 5
- 4 . 9 0 3 6 0 . 4 2 5 0 - 3 1 . 5 7 3 1
- 3 . 7 2 2 6 0 . 1 * 6 6 - 0 2 . 7 2 * 0
- 0 . 6 3 9 0 - 0 . 3 1 0 6 - 7 6 . 6 0 0 0
- 7 . 9 6 6 3 - 0 . 7 7 6 5 - 9 * . 2 3 2 3
- 1 C . 3 * 3 * - 0 . 5 5 0 3 - 1 1 6 . * 1 9 6
- 1 1 . 3 6 1 6 C . 3 0  70 - 1 3 8 . 5 8 7 3
- 1 2 . 0 6 2 0 0 . 6 7 * 2 - 1 6 0 . 0 2 2 0
- 1 3 . 6 3 2 5 0 . 3 5 9 3 - 1 0 0 . 6 6 8 6
- 1 3 . 2 6 3 7 - 0 . 1 1 0 * - 2 1 7 . 7 7 7 0
- 1 6 . 0 3 6 3 1 . * 5 2 2 - 2 5 * . 1 3 1 0
- 1 6 . 7 6 0 1 - 1 . 7 2 0 3 - 2 9 7 . 1 8 3 6
- 2 0 . 8 3 5 7 - 0 . 4 0 5  I - 3 3 1 . 7 8 * 6
- 2 4 . 0 7 3 7 0 . 1 3 7 9 - * 2 l . 2 3 6 3
- 4 * . 3 7 1 6 2 . 0 3 * 1 - 5 0 5 . 9 3 1 6
- 3 1  . 3 * 6 0 - 0 . 2 0 * 6 - 0 0 6 . 4 3 6 2
- 0 4 . 2 0 9 9 0 . 8 2 7 8 - 7 3 o . 3 2 3 5
- 4 0 . 0 3 5 5 1 . 2 6 1  * - 8 6 3 . 6 1 1 0
- 6 2 . 4 3 3 3 - 0 . 9 7 3 6 - 6 9  2 . 0 0 0  0
I T A T g x E K T S  C X C d - T E C -  1 4 1 6 0 3 4
OBjecT c a o e *  i 7 8 * a  b y t e s . a r r a y  are*..
N U M B E R  0 7  E R R O R S -  0 .  N U M B E R  3 7
i o m r x l e  t i m e -  0.40  s e c . e x e c u t i o n  t i m e *  1 0 7 . 1 0  sec.
laR^USAGE 
>1ACNOST ICS
9 0 0 0  B Y T E '  B Y T E S  
i a R n I N G s *  3
I V . 1 3 . 3 4 A T 7 1 v  - MAR
cseor
C13




Metal Chemistry - C 3.?? Si 2.6k ,<, c.S. k.65 ft, 
Mn 0.6l *. Cr O.lU %, Cu O.13 j5. 
AI 0.020 %, Mg 0.032 S 0.006 %.
x< I > 
20.0000  
1 8 . 0 0 0 0  
1 6 . 0 0 0 0  
1*.0000 
1 2 . 0 0 0 0  
1 C .OOOO 8.0000 
6.0000 
*.0000 
2 . 0 0 0 0  
0 . 0 0 0 0  
- 2 . 0 0 0 0  
-*.0000 
- 6 . 0 0 0 0  
- 6.0000 
- 1 0 . 0 0 0 0  
- 12.0000 
- 1 * . 0 0 0  0 -16.OOOO 
- 1 8 . 0  000  
- 2 0 . 0 0 0 0  
- 2 2 . 0 0 0 0  -2*.OOOO 
- 2 6 . 0 0 0 0  
- 2 8 . 0 0 0 0  
- 3 0 . 0 0 0 0  
- 3 2 . 0 0 0  0 
- 3 * . 0 0 0 0  
- 3 6 . 0  00 0 
- 3 8 . 0 0 0 0  
- * 0 . C  000 
- * 2 . 0 0 0 0  -**.0000 
- * 6.0000 
- * 8.0000 
- 5 0 . 0 0 0 0  
- 5 2 . 0 0 0 0  
- 5 * . 0  000 
- 5 6 . 0 0 0 0  
-  58  .  0 0 0 O 
- 6 0 . 0 0 0 0  
- 6 2 . 0 0 0 0  -6*.OOOO
•Y ( I 1 . 2*0 1 
. 0 * 7 8  
. o s o c  
• * c o o  
. a *  1 a
. 0225  
. 7 6 1 9  
.  CC * 2  
. C 7 65 
. 2 7 6 3  
.OOCO 
.  * *  C 9 
. 9 * 2 *  
. 7 1 * 0  
. 6 * 9 1  
. 7 2 1 6  
. 9 5 0 *  
. 3 0 3 8  
. 3 7 9 2  
. 6 0 * 0  
. 3 8 5 3  .8*8 1 .3000 
.  e 3 7 s  . *0*0 
. 9 3 2 6
.  l a e o
. C 7 1 0 
. 7630 .2222 
. 3 3 2 9  
. 6269  
. 8028  
. 8 3 5 6  
. 7 8 3 8  
. 5 8 9 *  
. 2 7 8 1  
. 8 5 6 7  
. 3 * 2 7  
. 7 * * 3  
. C 7 0 1  
. 3 6 3 5
e . e i « e
HI I ) CtOOO) c t e v e n  > Su.*<Ct  1 ) )
3 . 6 5 7 7 - 6 5 5 . 5 8 8 6 - 0 . 2 3 2 0 - 1 * 8 . 1 7 0 3
6 . 0 2 3 6 2 I . 3 6 * I - 0 . 1 5 5 9 - 8 5 . 7 5 3 9
3 . 7 1 2 0 2 2 . 3 2 * 5 - 0 . 0 0  13 - 3 9 . 1 0 7 5
1 . 8 5 6 0 1 5 .2 62 1 0 . 2 0 5 0 - 3 . 1  7 3 *
0 . 7 1 5 8 7 . 3 0 9 3 0 . 1 5 6 2 6 . 7 5 7 9
- 0 . 0 9 9 * 2 . 5  7 * 6 - 0 . 1 2 2 7 1 1 . 6 6 1 7
- 0 . 5 2 3 3 - 2 . 3 0 1 3 - 0 . 0 3 3 C 5 . 9 9 2 0
- 0 . 7 6 3 0 - 1 . 6 8 9 3 0 . 3 0 5 0 3 . 2 2 3 3
- 0 . 8 8 7 9 - I  . 2 * 3 3 0 . 3 7 1 6 1 . 8 7 9 8
- 0 . ? A * S - 0 . 7 6 2 3 0 . 3 3 9 *  • 1 . C 3 J 9
- 1 . 3 8 5 6 -  1 .  » *0  3 0 . 9 2 7 * 0 . 0 0 3 0
- 0 . 9 7 3 7 - 0 . 0 3 2 7 0 . 5 7 3 1 1 . 0 9 9 0
- 0 . 8 0 2 3 0 . 1 6 1 2 0 . 1 6 6 6 1 . 7 9 *  6
- 0 . 7 8 8 9 C . 3 1 1 6 - 0 . 2 2 5 7 2 . 9 6 6 3
- 0 . 6 5 9 3 0 - 6 3 9 2 0 - 2 1 8 2  .. - . 7 2 1 5
—0 . 5 0 9 9 1 . 3 7 9 8 - 0 . 1 6 3 1 7 . 1 6 * 8
- 0 . 3 3 9  7 1 . 7 1 0 5 - 0 . 0 8 3 5 1 0 .  * 0  90
- 0 . 1 5 3 0 I - 8 * 1 3 0 . 2 2 3 2 1 * . 5 * 8 2
0 . 0 2 3 9 1 . 9 8 0 7 0 . 3 6  13 1 9 . 2 3 2 *
0 . 1 6 7 7 2 . 3 9 2 3 - 0 . 0 1 7 3 2 3 . 9 8 2 3
0 . 2 7 9 0 1 . 8 9 8 2 0 . * 2 0 9 2 6 . 6 2 0  7
0 . 3 * 7 6 1 . 7 0 3 8 0 . 3 3 2 3 3 2 .  732 8
0 . 3 7 * 7 1 . 6 6 5 5 0 . 0 1 * 2 3 6 . 0 9 2 1
0 . * 9 0 6 3 . 0 5 0 9 - 0 . 1 3 2 7 * 1 . 9 2 8 5
0 . 5 8 2 3 3 . 0 2 5 1 - 0 . 2 2 * 3 * 7 . 5 2 9 8
0 . 6 * * 9 « . 6 7 * * - 2 . 1 3 5 7 5 2 . 6 0 7 *
0 . 6 7 5 2 * . 9 7 1 0 - 2 . 8 3 * 1 5 6 . 8 6 1 5
0 . 6 7 1 6 2 . 6 7 8 6 - 1 . 0 6 5 6 6 0 . 1 0 7 5
0 . 6 3 * 8 1 - 0 5 2 3 - 0 . 0 3 6 7 6 2 . 0 9 9 2
0 . 5 6 6 9 0 . 1 3 5 5 0 . 1 3 8 1 6 2 . 7 * 6 6
0 . 3 8 * * 1 . 7 3 * 9 0 . 1 3 6 8 6 6 . 5 e 9 8
7 . 6 2 5 e 2 . 9 6 1 7 —0 . * 9 6 1 7 1 .  52 1 1
0 . 6 5 1 5 6 . 8 3 3 * - * . 6 5 6 0 7 3 . 9 1  58
C . 6 6  0 7 2 . 0 1 3 3 - 0 . 1 * 0 9 7 9 . 6 *  6 7
0 . 6 5 2 * 1 . 3 8 3 2 0 . 0 9 8  1 6 2 . 6 1 1 3
0 . 6 2 9 7 — C . 3 6 2 9 l . * 1 0 3 8 * . 7 1 8 0
0 . 3 9 0 * 1 . 2 3 7 2 - 0 . 0 * 1 2 9 5 . 9 0 9 9
0 . 3 3 6 7 C . 0 7 7 0 7. . 0 * 6 7 8 6 . 1 5 7 5
0 . *  7 02 - C  . 3 0 8 7 - 0 . 0 3 9 7 6 5 • * 6 0 7
0 - 3 9 2 7 - 0 . 5 9 7 9 - 0 . 2 3 6 9 8 3 . 8 3 1  *
0 . 3 0 6 3 - C . 8 9 9 0 - 0 . 3 3 2 8 8 1 . 3 6 7 7
0 . 2 1 3 2 - 1 . 3 6 * 5  1 - 0 . 2 5 2 3 7 8 . 1 5 * 3
0 . 1 1 5 6 - 1 . 8 5 8 * - 0 . 0 9  13 7 * . 2 5 * 7
Clk
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- 6 6 . 0 0 0 0 7 . E 772 0 . 0 1 9 6
—  6 6 . 0 0 0 0 7 . 2 6 7 * - 0 . 0 5 7 1
- 7 0 . 0 0 0 0 6 . 6 8  6 I — 0 . 1 3  33
- 7 2 . 0 0 0 0 e . C 6 «  t - 0 . 2 1 3 5
- 7 * . OOOO 0 . 4 9 0 7 - 0 . 2 9 0 6
- 7 6 . 0 0 0 0 4 . 9 1 4 4 - 0 - 3 6 5 5
- 7 0 . 0 0 0 0 4 . 2 6 2 5 - 0 . 4 3 7 0
- 0 0 . 0 0 0 0 2 . 6 4 0 7 - 0 . 5 0 4 6
- 0 2 . 0 0 0 0 2 . 2 5 2 5 - 0 . 5 6 7 5
- a * . o o o o 1 . 6 1 2 3 - 0 . 6 3  73
- 0 6 . 0 0 0 0 I . 0 3 0 * - 0 . 7 3 7 5
- 0 0 . 0 0 0 0 1 . 4 2 2 1 - o . e i * *
- 0 0 . 0 0 0 0 C . 7076 - 0 . 9 0 1 6
- 0 2 . 0 0 0 0 C.COOO - I -O O O O
- 9 4 - 0 0 0 0 -  1 . 2 0  70 - 1 . 1 7 1  *
- 0 6 . 0 0 0 0 - 1 . 6 0 2 2 - 1 . 3 3 6 9
- 0 0 . 0 0 0 0 - 2 . 7 * * 0 -  1 . * 6 5 6
- 1 0 0 . 0 0 0 0 - 4 . 6 6 2 5 - 1 . 6 3 2 4
- 1 0 2 . 0 0 0 0 - 4 . 2 7 4 7 - 1  . 3 3 1 6
- 1  0 * . 0  000 - 7 . 7 1 0 5 - 2 . 0 0 6 2
- I  0 6 . 0 0 0 0 - 9 . 1 * 6 1 - 2 . 1 9 6 3
- 1 0 6 . 0 0 0 0 - 1 C . 9 0 2 9 - 2 . * 3 1 3
- 1  I 0 . 0 0 0 0 - 1 2 . 0 6  19 - 2 . 7 1 7 9
- 1  1 2 . 0  000 - 1 5 . 7 2 6 2 - 3 . 0 7 1 6
- 1  I * . o o o o - 1 f i . e 7 4 3 - 3  . * 6 3 8
- I  1 6 . 0 0 0 0 - 2 2 . 0 9 * I - 3 . 9 1 8 7
- t l a . o o o o - 2 6 . 2 * 2 7 - 4 . 4 7 1 1
- 1 2 0 . 0 0 0 0 - 2 1 . 2 0 2 1 - 5 . 1 * * *
- t  2 2 . 0 0 0 0 - 3 7 . 4 3 6 1 - 5 . 9 6 7 6
- I  2A . 0  00 0 - 4 4 . 1 7 0 3 - 6 . 8 5 7 9
- 1 2 6 . 0 0 0 0 - 5 0 . 6 7 1 9 - 7 . 7 2 * 1
- 1 2 6 . 0 0 0 0 - 5 6 . 2 7 1 3 - 8 . 7 3 6 6
- 1 3 0 . 0 0 0 0 - 6 7 . 1 7 2 3 - 9 . 9 2 2 7
S T A T E M E N T S E x ECL T£C» 20 4 64 3C
c o s e  u s a g e  o b j e c t  c o d e *  i 7 a * e  s t
d i a g n o s t i c s  n u m b e r  o e  e r r o r s -
- 2 . * 5 1 5 0 . 3 5 3 1 7 0 . 0 5 3 0
- I . 5 0 9 6 - 0 . 1 1 6 6 6 6 . 8 0 5 5
- t  . 6 0 5 6 - 0 . 2 3 0 * 6 3 . 1 3 3 5
- 1 . 8 6 9 9 - 0 . 1 1 0 4 6 9 . 1 3 2 9
- 2 . 2 6 0 3 0 . 1 * 2 * 5 * . 6 9 6 9
- 5 . 1 2 6 9 2 . 9 3 7 7 5 0 . 5 1 3 7
6 . 2 2 6 3 - 8 . * 5 * 7 * 6 . 0 6 5 7
- 2 . 4 6 8 3 0 . 2 6 5 6 ' * 1 . 6 8 0 0
- 1  . 7 2 3 3 - 0  . * 2 9 2 3 7 . 3 7 5 0
— 2 .1  275 —0 . 4 5 7 3 3 2 . 2 0 5 2
- *  . 9 3 9 2 0 . 8 2 9 * . 2 3 . 9 8 5 6
- 2 . 7 8 7 6 - 0 . 5 1 1  * 1 7 . 3 8 7 9
- 4 . 0 1 * 3 - 0 . 0 3 1  * 9 . 1 9 5 6  
0 . 7 0 1 6- 3  . 3 1 5 2 - 0 . 4 3 2 1
- a  . i 4 8 6 - 0 . 0 * 1 5 - I  5 . 0 7 3 5
- 7 . 7 5 2 2 - 0 . 7 0 9 * - 3 2 . 0 0  1 a
- 7 . 7 2 7 2 - 0 . 0 7 7 1 - * 6 . 2 1 0 3
- 8  . 0 7 9 6 0 . 1 2 5 6 - o * . 119 1
- 1 0 . 9 9 2 5 C• 0 6 3 9 - 8 5 . 9 7 5 *
- 1 0 . 9 9 * 0 0 . 8 7 * 3 - 1 0 6 . 1 9 4 8
- 1 3 . 2 5 8 2 2 . 0 8 7 3 - 1 2 8 . 5 3  6 *
- 1 4 . 2 2 1 9 0 . 3 5 5 5 - 1 5 o . 2 6 9 2
- 1 7 . 3 0 6  1 0 . 0 2 2 7 - 1 9 0 . 8 3 5 6
- 2 0 . 0 3 * 3 - 1 . 5 9 7 2 - 2 3 * * 0 9 6 6
- 2 2  . * 6 7 2 - 1  . 0 3 1 2 - 2 3 3 . 0 9 5 2
- 2 9 . 5 0 8 5 0 . 5 7 6 2 - 3 * 0 . 9 5 9 7
- 2 6 . 5 7 6 1 C. 9 7 6 * - * 1 2 . 1 5 9 2
- 4 5  . 0 3 5 0 1 . 0 8 1 6 - a O O . 0 6 5 9
- 5 1 . 6 9 * 6 - 2 . 7 5 9 1 - 0 0 8 . 9 7 3 6
- 6 2 . 2 3 9 7 I . 9 9 3 2 - 7 2 9 . * 6 6 3
- 5 7 . 5 6 2 9 - 2 . 9 3 2 0  ' - 8 5 0 . * 5 o 1
- 6 9 . 3 * 9 * - 2 . 2 * 5 3 - 9 9 3 . 6 * 5 5
- e a . 0 9 * 9 1 .  1909 -  116 3 . * 5 3  0
i S . j c C A Y  a r e a * 8008  3YS Qy T£S
0 .  NUMBER 4 ARNINGS” 0
C15
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Sample Ingot 3
Metal Chemistry - C 3-?2 SI 2 . W  C.E. 4.55 *. .
Mn 0.66 %, Cr 0.12 Cu 0.13 
A1 0.020 *, Mg 0.036 S 0.00? a.
xi l i 
* 0.000030.0000
36 - S 'W'V-  -
3 *  . 0 0 3 0  
3 2 . 3 0 0 0
2 0 . 0 3 0 0  




2 8 . 0 3 0 0
1 6 . 0 0 0  0 
t *  « -300 0
- 2 2 . 3 3 0 010.0000
8.00006.0000 .0000-
2.0000 
0 . 0 0 0  *3 
- 2.0000 
- - * - 3  0 0 3  —
- 6.0000 
- 8 . 0  3 0 0  
- 1 0 . 3 3 0 0
—  1 2 .0 0 0  0---------
- t « .0000 
- 1 6 . 3 0 0 0  
- 1 8 . 3 0 0 0
- 2 0 — 3 3 3  3 __
- 2 2 . 3 3 0 0
—  2 *  • 3 O C  0 
- 2 6 . 0 0 0 0  -28-aOOO—  
- 3 0 . 0  0 C  0 
- 3 2 . 0 3 0 0  
— 3 * . 3 0 0 0
— - 3 6 . . 0 0 3 0 ___
- 3 8 . 0 0 0 0  
- 4 C U 0 0 C  0
—  * 2  .0 3 0 3   **.„C/X̂ O--
3 ( 1 )  
1 0 4 . * 4 6 2  
8 2 . C 3 C 1  - 6 f . C 6-0 *. - 
4 9 . 0 6 2 6  
2 ; . 4 0 0 0
2 « . c s s s
2 2 . 1 0 * 7  if.«c:i 
1 « . 2 3 7 5  
1 3 . 7 2 7 2  14.6C6 1
i « . 2 2 ; e  
1 : .  a«s 2 1  
1c . c *  10
7 . 4 3 2 3  
4 . 7 3 1 2  
4 . 1 6 2 3  
I . S 2 5 7




1 . 7 * 3 7  
7 . CO 1 0  
2 . 3 0 3 1    2.666*2 .*C67 
’ . 7 6 6 5  
* . 1 6 2 7.■ *-*861 *.73*** .6 i 3 Z 
i . C 7 e 7
 4 .  I 190-. .
4 . C 7 4 1 
4 . C 7  3 e !.0226 -i:
4 . 7 2 * 1  
4 . 4 0 1 2  
* . 2 1 2 6  —7 a » e ■
0(11 
1 2 . 3 6 6 3
1 0 . 0 0  73
 7.134*.
3 . * 'S59 
3 . 6 4 1 3  
2 . 3 8 6 *  
1 . 8 5 1 3  . : 1 e 3 
1 . 0 5 9 8  
0 . 9 8 6 5  
0 . 8 5 8 * -  
0 . 7 7 2 6  
0 . 5 8 6 0  
0 . 1 9 6 2  -0-2210 
- 0.2822 
- 0 . 6 0 2 7  
- 0 . 7 7 0 2— -0.80*7- 
- C . 9 1 95
-  1 . 3 8 3 6  
- 0 . 6 3 9 *
   0 —3 .9 6 2  -
—0 * 9 3 5 7  
- 0 . 8 0 9 0  
- 0 . 7 3 3 3
- 0 . 6 2 8 8  
- 0 . 3 7 2 0  
- 0 . 5 2 0 6  
—0 . 4 7 3 —-  
—0 . * 3 * 1  
- 0 . * 0 3 *  
- 0 . 3 8 3 1
- - 0 . 3 - 7 3 * -  
- 0  . 3 7 3 9  
- C . 2 7 2 2  
- 0 . 3 7 * 433.1
C t 0001 
- 7 ? - . 2 2 5 3  
46 . 2 2 2 3  
-- -4JC.9 6 * 9 .  
*3  . 3 1 3 o  
3 2 . 6 3 1 2  
i  1 . 1 3 * 5  
- . 4 . 6 1 2 3  
6 . C 3 5 1  
* . * 3 9 3  
C . 3 5 3 3  
-  2 . 4 2 2 *  
- 4  . 55»<»- 
- 4  . I 596 
i . 4 7 1 4 
- 0 - 7 5 9 5  
- 2 . 6 2 * 6  
- 1 . 3 2 1 3  
- 1 . 3 0 2 0
 1 - 8 * 7  3-
— C. 2 1 7 9  
- C . 063o 
4 . 3 9 * 3
 C-AA69
0 . 2 0 3 7  
C. 6 5 0 3  
- 0 . 0 7 1 6 <1.0507
1 . 3 6 0 6  
1 . 9 * 8 2
0 . * 2 3 3  — - 0.0 7*3
1 . 1 3 4 5  
1 2 . 3 7 2 2  
- 1 . 8 * 6 5
 0 - O 2 7 * . .
I* . 30* 4 
? . 7 7 5 0  
C . 1 39 0
6U*(C< I 1 1 
— 60 V . J O 7 9 
- 3 3 7 . 13oC — 237.275 2  
-l.o.9050 -30.£*90




0.227* I,.!-1' 4•33 2° 




3.9 04 3 
v.003* 





1 :.7 5 5d 
12.7233 16.71C5 13.6137 
13.3o32
I 0.ooS9 21...62 
22.-13- 
20.514*
- 0 . 4 1 0 1  
- 0 . 4 3 8 0  
- 0 * * 7 1 3  
— I W M V * :
C . 2 7 3 0  
C - 0 1 7 0  
C - 2 * 8 3  -C—532-9-
-2.0 766 
—0 . 0 1 0 5  
- o . * 2 9 *  
- . 7 —3? IS-
14.071 0 
2 4 . 6 5 3 9  
2 * . 3 2 3 0  *22.
Cl6
>
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%
.-♦a.
- 5 0  , 
- 5 2 ,
- 5 8 ,  — 60« 
- 6 2 ,  
- 6 * ,  -6e .— 6d , -7 0, 
- 7 2 ,-7a ,
- 7 6 .
- 7 8 ,-ac. 
- 5 2 ,  
- a * . 
- 5 6 .  
- a a ,— v0« 
- < 2 .  -<5A.
.1̂00. -102. -1 0 a , 
7 1 06, 
- t o e .
0000C 300 >0000 >0000 0000 0000 0000 ◦ 000 0000 0000
◦  DC ◦
◦  c o o  0000 QOQO00000000◦ 000 0000 ◦000C3Q0 0000 0000 
o c o o  0000 c 000 0000 0000 0000 0000 0000 0 : o o  0000
2 . 1C91 - C . 4 0 9 C
2 . 1 2  10 - C  . 6 3 1 7
2 . c i  * e - 0 . 7 * 5 3
1 . 4 2 4 7 - 0 . 3 1 6 2
1 .OCOO - C . 9 6 6 7
C. 2 1 4 6 - 0 . 9 * 1 2
—C. 1 6 7 9 - 1 . 0 3 3 4
-  1 .E7BC - 1 . 2 0 2 8
- 2 . 1 6 9 1 - 1 . J 2 7 T
- 2 . 2 1 2 2 #  — 1 . * 2  79
- « . « 2 9 2 - 1 . 5 o d 9
- 1 . 4 6 , 0 - 1—7 023
- 4 . 2 9 9 3 - 1  . 8 1 2 3
— 7 • 2C 09 - 1 . 9 * 3  *
- 4 . S 0 4 C - 2 . 1 0 * 7
- 9 . 9 6 2 3 - 2 . 2 9 7 5
- 1 1 . 7 2 9 6 - 2 . 3 2 1 7
- 1 2 . 4 3 2 3 - 2  . 4 1 7 5
- 1 4 . C220 - 3 . 1 0 9 7
- 1 4 . 1 * 3 3 - 2 . 2 3 2 2
- 2 C . i l 1 * —3 . 6 9 4 0
- 2 2 . 2 1 1 0 — * . C6 2 *
- 2 6 . 4 2 2 7 ‘ - * . * 8 3 3
- 2 1 . 1 0 2 * - « . 9 7 5 *
- 2 4 . 1 1 2 C - 5 . 5 0 9 5
- 2 4 . 7 1 1 * - 6 . 1 2 2 5
- * * • C 229 - 6 . 3 3 0 Q
- S C . 19 CO - 7 . 6 5 1 3
- 1 6 . 9 3 7 0 - 8 . 5 3 2 6
- 6 2 .  122 B - 9 . 3 7 3 8
- 7  C . C * * * -  1 0 . 2 9 4 8
- 7 7 . 7 5 2 3 -  11 . 3 2 8 1
S T A T E M E N T S  £ , E C L T ! C »  1C 7031C
core jsAce oe-iecT cooe* i?a*e
o i a c n o s t i c s  N U M g e o  o f  e r r o r s -
* 1 •  —T — «• /**» « « m«/-,  » t r**. ■,
-1.07»tt 
- 1 . 5 5 3 0  
-I-I 42A 
* 1 . 3 8 * 8  
- 2 . 6 7 * 5  -3 .a** 5-e .6187 -a.SO?! 
- « .C83A 
— 3 • 4 ^ * 0  
- I . 0 9 3 5  
- 1 . 0 0 5 7  -*.3692 
- e . * 8 7 ?  
- 4 . 9 2 2 6  
- 7 . 7 2 6 3
- 9 . sa t?
- 1 2 . 3 7 1 7 
- I  * . 3 2 2 5  
— 1 1 . 3  C 73 
- 1 4  . 3 9 3 2  
- 1 9 . 0 1 1 8  
- 2 2 . 1 6 9 9  
- 2 * . 7 0 3 0  -27 . 5 9 * 3  
- 2 * . * 9 1 7 
- » C . 3 3 B 9  -*6.3332 
- 1 2 . 7 7 9 1  -1C.0000 • 
- 1 7 . 1 9 * 6  
- < * - 5 3 8 *
S t T E S . a r r a y  a R C a -^ 
0 .  N O M S E R  o f
T “ « *  ▼. c*/*
-0.3612 ✓ 1 9•7 a* 5-■>.3790 16.9*63-3.2229 1 * . 1j 303.1 190 , 10.02312.3209 ; 7.90131.2111 1 ' - 2.63333.*379 -3.68790 .*223 -1 1 .921 *-?.2223 -20.3327-0.2152 — 2 7.0-2 —— 0.1237 -jd.237?- 0 -23o* --o.e.213-0.25*8 —3 8.06930.5*38 -69.3563C .OO08 — 5-1. 1 37 »-0.733* -lOJk.2063-0 -.J*2 -121.2370
-0.6755 - 1 * 7 . j 3 1 *2.*517 - 173.07271.6*71 -232.3*290.3323 -23*.*1*7
0.209* -272.01931.0*30 -315.2693-1-3327 — 3od.**0 v
-1 -2-32 --20.727?0 .*93- — 9 - . 7 1 M0 . I 2 ■' -57-. 51 20-0.3313 — 50 5.31*31 .0335 -773.7350-0.-093 —o7 *.523 9- 0 .0 * 5 7 -989.00*0-O .*60 1 -111 9.0820
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i
Sample Ingot 9
Metal Chemistry - C 3.77 Si 2.35 C.S. ^.55 *, 
Mn O.65 *. Cr 0.12 *. Cti 0.12 
. A1 0.023 *. Mg O.O36 *, S 0.00? )6.
X I I ) 7 ( 1 ) 9 ( 1 ) C ( C O O )22.0000 6 3 . 6 *  12 7 . 7 1 0 2 - — 7C  2 . 1 6 2 *2C . O C O O * I . 3 2 9 1 * . 2 8 *  7 2 7 . 3 8 5 *• l e . o o o o  — 5 7 . 7 0 6 * 2 . 3 ^ 3 8  - - - 2 I .2 3 * 1  -1 6 . 0 0 0 0 1 6 . 2 9 * 8 1 . 3 0 * 1 1 1 . 2 8 3 *1* .3 3 0 0 1 I . 2 2 0 7 0 . * 2 2 3 2 . 9 7 7 312.0 000 7 . 6 2 6 8 - 0 . 1 2 9 1 1 . * 8 2 7I 0 . 0 3 0 0 2 . C 5 7 5 - C . * 3 5 2 - 2 . 6 5 7 *8 .O C O O 2 . 6 6 9 8 - 0 . 6 2 7 1 - I . 5 1 3 *6 . C 3 0 0 1 . 6 2 2 9 - 0 . 7 9 * 0 - C . 3**1*.0000 1 . 6 3 9 7 - n . 8 9 7 1 - C  . 5 C 3 9- e . e o o o 5 . 1 * 0  1 -0 .91 1 * - 0.2 2610.0000 l . C C C C - I . 2 3 2 6 -r .6 1*7- 2 . 3 3 0 0 1 . 2 3 8 6 - C . 9 5 1 0 1 . 6 7 3 5- * . C O O O 1.6 1 7 2 -'*.2972 0 .1*95
-6-30C.3- . . 1 -9258 ■—  ■ -0-£*c.3 ■ ---  C . 2 9 2 *- e . c o o o m .29 2 3 - 0 . 7 3 3 6 C . 3 1 1 2- 1 0 . 3 0 0 0 I . 9 7 8  2 - 0 . 7 0 5 8 Z . 3 1 * »-12.0000 2 . 6 9 7 * - C . 6 0 9 1 C . 9 3 2 6- i * . o c o « ----- - * . 1 6 6 9 ------ - 0 . 3 3 7 6 - - C . 9 2 1 5- 1 6 . 0 0 0 0 * . 6 1 * 2 - C  . * 7 * 0 2 . 3 9 9 0- l a . 3 3 0 0 * . 9 * 7  5 -0 . « 2« * 0 . 7 1 2 1- 2 0  .0 3 0 3 2 . 1 6 2 7 - 0 . 3 8 9 6 0 . 6 7 6 *-p-7 .a 166___ — 1 - 2 * 5 3 . ___ .-0— 3 7 2 8  . C.7212.- 2 * .0000 3 - 1 8 7 * - 0 . 3 7 * 2 C . 8 3 6 3- 2 6 . 0 0 0 0 * • 9 9 2 1  . - 0 . 3 9 3 9 - C . O l *6- 2 0 . 3 0 0 0 * . 6 7 6 2 - 0 . * 2 9 7 C .0 333- 3 0 . 0 0 0 0 * . 5 3 0 1 -0.**2* . . 3 5 6 6- 3 2 . 0 3 0 0 * . 5 7 e 6 -0 . * 2 3 8 0 . * 6 8 9-3* .000 3 « . 2 2 2 3 - 0 . * 3 6 * C - * 6 3 9- 3 6  -C 3 0 0 * . — 7 * 2 - c .***1 C . 2 9 6 3- 3 3 . 0  30 0 * . 2 * 5 1 - C . * 3 3 5 . — C .3 3*3-*0.0000 * . 1 6 9 9  •' ~ — C . * 7 9 0 C .031 *-*2.0000 2 . 9 2 * 7 - C . 3 0 4 9 - C . 0 6 3 *-** .0 300 2 . 6 5 0 5 - C . 3 * 1 2 0 . 2 2 5 3—*6 —9060--- - - 2 . 1 2 3 1 ---- - 0 . 6 0 * 2  - - 0.6122- * 8 . 3 0 0 0 I . 67 C 3 - 0 .66*2 -2 .'>976- 5 0 . 3 0 0 0 : - 222C ^  
1 - *2 2 * / - 0 . 7 1 9 * ^"3 -1 .9357- 5 2 . 0 0 0 0  ■ - S * — >aao______ -0 .7*8*—  r. , <» 1 i - 1. 3 2 0 1
- 3 6 . 0 0 0 0 1 . 1 6 2 3 —  0 . 8 * 7 6 - C .7 3 * 3- 5 8 . 3 0 0 0 l . C C C C - 0 . 8 6 6 7 -0 .33 2 3- 6 0 . 0 0 0 0 C . * 2 2 2 - C - 9 2 6 3 - 1 . 8 9 5 6  
------—1— aoo*—— 62.<-900--------C— OCOO------ - 1-0000-----
C I ^ V J N )
- 7 . 3 2 2 C  -0.10 53
" i 3 3- 0.2382 
".2329 
-0--O27 
-0 .0 = 02 
1 .0-5 83
-0.3720 -~ . 1220 —C • 0 * 0 •
~.130 — -1.1*-S 
f- • 1 2 2o C-0S22 












. 1 2  C ?
z . 2 ? z :? *3tsg2.
c . ?: 51 
-c .^753
— o . **-• ê **




-<*.0 0 * 2
SUM c C 
- 1 * 2 . .  
—o 7 .
-  t .
4.̂  •
(1 1 1 
7j93















o 3 1 1 059 1 6o0 - 






j 7 7.3 
21*3 
7-58 





3—0 3 1— *j’5 9.2336 
o.- 3— 3 -.3j23 di— 70.12 .
7 .  
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- 6 * . o ooo  
- 6 6 . 0 0 0 < r 3  
- 6 6 .  31X00 /
-ro_*oooo'-72.0000 
-7«..C 000 -76 .0000 
-78.0300
- a o - c o o o-82.0003 
- 8 * . 0 0 0 0  -86.3000 
-88.000 3 -50.3003 
-52.0000 -5*.0030 
-96.3 3C0 -58.0300 
- i  03.0 330 
-102.3030 
- 1 Ca.OOOO -106.3300 
-108.0033 
-VtO-COOO • -112.0000 
— 1 la.0300 - 1 1 6 . JOOO 
-118.3 303 -12C.C0',7 -122.0000 - 12a.3000 
-126.0003
-c.eezr





- 6 .77519 
-«.7(-e2-7.5237
— P.Z 706 
-5.0562
- 1 C.0230 -11.0712
- I I.232 « 
-12.3653
- 13.1C 27 
-16.615- -16.77c»
-  2 C. 8 2 1 7










-  1 . C * » J  
-1 . 1900 
- 1 . 2 9 5 7  
- 1  . 0 7 7  
- 1 . * 6 5 3  
- 1 . 3 * * 1  -1. 6 3 * *  -1.7**2 * 
- 1 . 8 7 8 2- 1 .579* 
- 2 . 0 7 7 2  
- 2  . I  * 63  
- 2 . 2 1 3 1  -2 . * * 9 1  
- 2 . 6 0 6 1  -2 . 7 « 2 7  
- 2 . 5 3 * 9  
- 2 . 2 1 2 2  
- 2  . * 7 2 3  
- 2 . 7 * 3 3  
- * . 0 1 7S 
- *  . 2 2 0 5
- *  . 6 3 5 0  
- 3  .<'366 
- 3  . * 5 6 3— * .9 "* ' 7 —6.*8 71 
- 7 . 1 9 3 9  
- 3  . 7 0 5 3— 6 . 9 * * * -5.9** 3





NUM5 5Q 2 ? 6C0CS«
• p'  <*r>“ r
-:..o:~s 7.13 3o --.5322-» .020- C-030o -I 2-531 7-« .1-13 7.3*28 -2C.52*7- « -37S3 ~-6 *33 -23.59*2-2.*10 I 7.7063 -3*.*00 7-*.1372 0.3351 -« 1 .00*3-2.9531 -''.N30 --9.1087-*.3599 -0.*3*2 -39.0963-3 . 5*50 2J01 —71.-o * 3-3 .7922 - ,o<)-7 —91.0392
-* . 3o87 -r .5312 -vl.0*75—  3.828* -0.000* -133-9073— 6 .6977 r .0199 -I 16.3333-E.7733 1 - 1623 -132.1201-6.0362 -0.6056 -1*5.5636-5.1311 -6.323* -1*9.5726- 11 .235 3 -''.2386 — * 92.3012-12.*053 0.1731- -219.0150-16.10*0 ">. 3 = 7- -2-5.5035-17.32*1 1.0752 —232.*056- 16.7775 -0.1577 -3lo-27o1
-13.5539 -0.33*2 -35*.5325-zi .5-:r-o -0.1257 — 3 *7-7o3o— Z*•7*9a -.7 . * 1 A* — o.7373
-ZS .7*33 1.0 19- -30 2.19*1-21 .7615 •••31 33 ” —0 5.0 3 — 3-26 .67*., -.*.5-5* -939-52*7-«* .579* -2.JO-V -73*.252=-37.1365 2.0 ?o2 — 3— — .378 7
-62-2522 -1.5502 -972. 603.3-6 3.1239 - 1 . *07 7 — 1 1 1 2 . 0 0 0 6- e z .1 117 ■ 1.3289 — 1 — 7 —.2120
iS.ACGAY *Q£Am 8CCfi 9YTE3 oYTES
0. NUM9EP OE »AtNI 0
n * - - • cc ~ . 1 . „* T* : -i— - .. ..
;
C19
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*
Sample Ingot 10
Metal Chemistry - C 3.65 <C. 2.42 %, C.2 . 4.4<S
• Mn 0.50 *. Cr 0.14 «C, Cu 0.09 
A1 0.018 *, Mg 0.025 S 0.006 *.
x< I )
3 a . 3 0 0 0
3 2 . 0 0 0 0
3 0 . 0 0 0 0  2B.OOOO
2 6 . 0 0 0  0 
2 * . 3 0 0 0  22.000020.0000 
1 8 . 0 0 0 0
1 6 . 0 0 0 0
l a.000 O
1 2 . 3 0 C 3
1 0 . 0 0 0 0  
S . 030 0  
6 .0  00 0
a . 3 0 0 3
2 . 0 0 0 0  
0 . 0 00 0 
- 2 . 0 0 0 0  
- a .000 0 
- 6.0000 
-a.0300 
- 1 0 . 0 0 0 0  
- 1 2 . 0 0 0 0
- la.OOCO
-  L 6 . 3 0 0 0
- i a .0000 
- 2 0 . 3  00 0 -22.OOOC 
- 2 a .0000 
- 2 6 . 0 0 0 0  
- 2 8 . 0  303 
- 30  . 0 0 0 0  
- 3 2 . 0  000 
- 3 a . 300  3 
- 3 6 . 0  00 0 
- 3 8 . 3  300 
- a o . o o o o  
- * 2 . 0 3 0 0  
- a a . 3 0 0 0  
- a 6 . 0 0 0 0  
- a a .0000
y 1 1 j 
se.osa* 
O a . « i o i  
2 3 .  7818 1 6 - 5 a 22 
1 1 . 6 6 6 7  
9 . 7 7 8 7  
6 . I 770
7 . * 6 6 3  
7 . 1 1 “ *  
t . 6 0 * 2
e . 21ao
8 . * 0  7 8 
* . * 7 1 7
2 . 8 8 2 2  
1 . 6 3 7 7  1.0120 
1 . 1 7 6 1  .1.0000 
1 . 0 0 0 31.0000
i . c i c o1.00 00 I.0000 
I .  CO 0 0
1 - c o o o  
1 .0000 
l .CCCC 1 . c o c o  
C . 6 * 6 *  
C . 2 7 8 2  
C.  IC O*  
- 0  . 2 2 8 *  
- c . s a o i
- C . ? * 2 S  - 1 - 2*11 
-  1 . 8 2 2 0  -1 .«ee 
- 2 . 2 3 5 6  
- i . f t a o a  
- 2 . 0 7 3 6  
- 2 . 3 3 6 2  
- *  . 1302
SCI)
6 . * 3 3 1  
2 . 5 1 3 7  
2 . 0 7 9 0  
I . 1 1 3 3  
0 . * 6 6 2  
0 . 2 1 3 6  
0 . 0 0  13 
- O . 0 9 7 3  
- 0 . 1 3 2 1  
—O. 2 0 2 6 _
—O . 2 7 7 1  
—O . * 0  63 
-O . 3 3 9 2  
- 0 . 6 6 6 3  “  
- Q . 7933 
- 0 . 8 9 3 3  
-O . 9 2 1 0  
- I . 3 8 3 6  
- O . 8 6 6 7  
—0 . 8 6 6 7  
- 0  . 8 6 6 7  
- 0  . 6 6 6 7  
- O . 8 6 6 7  
- 0 . 8 6 6 7  
- 0  . 8 6 6 7  
-O . 8 6 6 7  
- 0 . 6 6 6 7  
- 0 . 8 6 6 7  
- 0 . 8 9 3 8  
- 0 . 9 0 6 2  
- 0  . 8 9  29 
- I  . 0 8 1 9  
-  I . 0 9 3 8  
- I . 1 2 7 6  
- I  . 1 3 9 1  
- t . 1 9 1 2  
- I . 2 3 7 1  
- 1 . 2 9 2 *
- I  . 3 3 2 7  
- 1 .36*2 -I.**6*
- 1 . 3 2 3 2
c taoo i c ( e v e n  >
6 * 0 . 4 1 * 8 0 . 0 3 1 2
5 2 . 1 5 * 1 -  . 1 7 * 1
2 2 . 7 9 * 0 0 . 0 0 3 1
1 * . * 8 6 9 - 0 . 0 9  76
e . 2*20 ■0.11 08
2 . 1 9 2 * 0 . 2 1 9 5
1 . 0 0 3 3 / 0 . 1 4 3 3
- t  . 7 2 9 T 0 . 0 4 2 6
- 1 . 0 1 6 6 - 0 . 3 9 0  3
- 1 . 0 * 0  7 - 0 . 2 3 2 5
- I . 6 * * 3 0 . 2 8 9 1
- 1 . 3 8 1 9 0 . 0 0 3 7
- I . 3 9 9 8 2 . 0 4 6 7
- 0 . 9 8 1 6 - Q . 0991
- 1 . 2 6 3 1 0 . 3 9 0 0
- 0 . 7 6 7 6 0 .20 60
-  1 . 6 8 9 0 I  . 2 9 9 2
1 . 9 2 1 2 - 2 . * 1 3 *
C . 0  7 3 * 0 . 3 8 9  1
•0 .1 * 6 0 0 . 0 0 2 3
C. 0  702 0 . 0 6 3 6
0 . 0 7 6 1 0 . 0 3 7 3
- 0 . 6 6 8 2 0 . 8 0 1 6
0 . 0 9 7 9 0 . 0 3 5 *
C . 1 0 1 3 0 . 0 3 1 8
C- 0 6 6 * 0 . 0 6 * 9
- 0 . 0 * 1 0 0 . 1 7 * 3
0 . 1 3 2 3 0 . 0 0 0 6
C . 1 6 1 7 - 0 . 3 * 4  7
1 . 4 3 5 1 - 1 . 7 7 0 2
C • 2 *C 0 - 0 - 6 2 3 7
- C . 3 4 9 2 - 0 . 0 8 8 *
- 0 . 3 3 8 7 —0 . * 0 3 2
- 0 . 3 5 3 3 - 0  . 2 3 5 1
- 2 . 2 8 7 6 1 . * 6 8 3
0 . 0  706 - 0 . V 0 9 *
-  1 . 0 9 3 2 - 0 - 0 8 2 3
- 1 . 5 3 0 6 0 . 0 6 0 3
- C . 9 6 0 3 - 0 . 2 6 2 5
- I . 2 2 3 6 - 0 . 2 8 8 9
- 1 . 6 6 5 6 - 0 . 2 2 2 0
- I  . 3 1 1 2 - 0 . 0 5 3 6
SUM(Ct  1 ) ) 
- 1 6 0 . - 3 8  1 
. - 7 6 - 0 9 8 3  
- 2 8 - 3 0 0 2  
0 - 2 7 8 3  
1 0 . 9 8 * I 
.2 1 . 8 0  8 1 
2 4 . 1 0 9 3  
2 C . 7 3 6 2  
1 7 . 9 2 2 2  
1 5 . 3 7 6 0
1 2 . 6 6 3 9  
9 . 6 1 3 5
6 . 8 0 7 *  *.O*a0 
2 . 8 9 9 9  
1 . 7 7 6 *
0 . 9 9 7 2
0 . 0 0 9 0  
0 - 9 3 7 8  
1 . 2 3 * 0  11 3016
1 . 7 6 8 2  
2 . 0 3 * 9  
2 . 3 0 1 7  
2 . 5 6 8 2  2.8350 
3 - 1 0  18  
3 . 3 6 8 3  
2 . 6 0 2 3  
1 . 9 3 2 *  
1 . 1 6 1 2
- 0 - 1 1 3 9  
-  1 . 6 3 7 9  
- 3 . 3 2 3 0  
- * . 9 2 3 *  
- 6 . 6 0 0  8 
— 6 . 9 3 2 1  
, ,t_1_1 . 6  52  7 
- l a . 2 9 8 2  
- I  7 . 3 2 7 3  
- 2 1 . 1 0 2 7  
- 2 3 . 8 3 6 2
C20
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- a *  
-06 
- a a
-90 -92 - W  
-96 
-98 -1 00 
-1 02
.OOCC 
.0 00 0 
.0000 
• 00C3 .0000 .0000 .0000 
.000 0 .oooo .ooco .000 0 .0000 
. o o o o  .ooco 
.0000 .0000 
.0000 .0000 .0000 
.0000 .0000 .0 00 0 
. o o o o  
. o o o o  .0 00 0 -0 ooo
.3000
- « . a a o 7  
- 5 . 7 8  73 
- 4 . 9 1 8 9  
- £ . 3 1 2 2  
— 9 •120— 
-1C .C l  91 
-  1 I . Cl 94 
- 1 2 . 1 3 4 0  
- 1 2 . 3 7 7 0  
- 1 4 . 7 0 4 9  
- 1 « . 2 1 6 1  
- 1 £ . C 3 1 6-19.9934 
-22.1747 -24.5130
- 2 c . 0 3 e ;-29.4421-22.2892 
- 2 3 . 4 2 8 3  -28-e9l0 
-4;.7119 
- 4 6 . 9 2 0 1  
- 3 1.8768 
- 3  7 . 8 9  79 
-64.6874 
- 7 2 . 2 3 0 7  
























































- C . 391 7 4834
89 3  8
0 . 5 1 0 4 1 189
1386
391 6








OBJECT CODE- 18792 BYTES.APRAY AREA- 
NUMBER OF ERRORS- 0. n u m b e r  OP
1.C7 SEC.EXECUTICN TIME- 165.02 SEC.
80 16 3YT86 3YTES 
maPNIn GS— 0
10.46.1 .ATP Iv - m a r
C*ECF
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Sampla Ingot il
Metil Clionistry - C ^.25 £. SI 2.00 S. C.Z. k.91 J»,
M n  0,65 C r  C .17 Cu  0 . 0 3
A 1  0 . 0 2 5 0.025 S 0 . 0 0 2  «t.
x t l  ) 1 ) 9 <  I ) CCGOOJ c r c v c S T ^
j
S U M  < C  I I > )
1 6 . 9 0 0 0 3  c . 5 9  a 1 3 . 0 1 2 9 - 6 2 4 . 1 0 3 0 - 0 . 1 3 6 7 - 28 . o r . 6
I 4..OOOO 2 C . 6 9 3 7  1 1 . 6 3 0 3 1 1 - 3 6 4 0 - 0 . 2 3 0 3 ; - 3 -2t>7t
1 2 . 0 0 0 0  *v I 4 . 2 4 3 0 0 . 7 3 6 4 3 . 6 7 3 6 0 . 1 3 3 6 6 . 2 8 4 8
10 . 0 00  0 2 7 9 2 - 0 . 0 6 6 1 2  . 6 3 1 2 0 . 1 6 3 6 1 I X . 9 1 6 3
6 . 0 0 0 0 4 . 7 0 1 4 - 0 . 3 4 0 6 - 3 . 0 3 4  6 0 . 0 3 7 2 1 3 . 9 2 X *
6 . 0 0 0 0 2 . 0 0 3 0 - 0 . 7 7 2 1 - 1 . 4 3 7 1 0 . 0 4 3 3 3 . 1 3 * 1
4  . O O O  0 2. Cl 6 1 - 0 . 6 9 0 1 - 0 . 6 0 7 1 - 0 . 0 3 9 Q 1 - 8 * 0  2
2 . 0 0 0 0 1 . 2 1 1 3 - 0 . 9 3 1 6 - C  . 3 0 0 6 - 0 . 0 . . * 1 - 0 * 6 1
0 . 0 0 0 0 1. o o c o - 1 . 2 6 3 6 - C . 7 7 0 0 0 . 2 3 0  3 ( o - o o r o
I
I
-2.0000 1 . c o c o -0.6667 1 .1259 -0.6614 0.9339-4.0000 1.ooco -0 .6667 0.0669 0.0613 ' 1.2325
- 6 . 0000 1.0000 -0.6667 0.1018 0 .0320 1.4999-6.0000 1. :0 6 i -0.5630 0.1437 0.0463 1.8504
-10.0000 1 .1235 -0.6616 0.0977 0.0616 2. 1939-12.0000 1. 142- -0.6566 0.0664 0.0793 2.5302-14.0000 1.2194 -0.6513 1.3316 -1.1060 2.9776- 16.0000 1.2160 -0.6415 0.1386 0 . 1073 3.3099-13.0000 1 .4374 -0.6233 0 .3804 -0.0367 4.1533-20.0000 1.4617 -0.8239 -12.7277 12.9317 4.6017-22.0 000 1.4703 -0.8213 -0 .0073 0.2149 3.0166-24.0000 1.4703 -0.8199 0.0711 0.1249 3.4086-26.0 000 1.4615 -0.6196 0.1054 0.0737 3.7707
-25.0000 1.4054 -0 .624* 0.0455 0.0496 3.960 9-30.3 000 C.7418 -0.6911 -I.1700 0.0242 3.669 1-32.0000 c . o o o o - t .0000 -1.1631 -0.3212 0.7007-34.0000 — C♦570 4 -I .0924 -I .1734 -0.1173 -1.550 3-36.0000 - 1.2133 -1.1564 -I.6471 0.0261 -3.1227-36.0000 - 1.7274 -1.2138 -1.1407 -0.3216 -8.0478-40.0000 -5.36 73 -1 .2963 -1.7604 -0 .2263 -12.C213-42.3000 -S.9927 -I .3726 -2.1097 0 .0969 12.35C7 -i 6.0432-44.000 0 -2.4225 - I .4280 -14.0396 -19.3613-46.0000 -2.9441 -I .4936 -I .9356 -0 . 11 7*2 -23.4673-46.0000 -4.5766 -1.3782 -2.1689 -0.3836 -26-3766-30.0000 -5.2555 -1.6799 -2.9230 -0.2738 ^-34.9702
-52.0000 -6.2108 -1.8033 -3.9691 -0 .0337 *-4^.0156-54.0000 -7.49 23 - 1  .9606 -5 .1208 0.0295 -53.1977-56.0000 - e . 66 1 0 -2.141 - -6 .4612 0.3364 -63.4074
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— 72  -7a 
- 7 6  
- 7 6  
- 6 0  
- 6 2  
-©A -66 -66 -00 -»62 
- 9 a  
- 9 6  -96*ioe-X 02
• OOOO•oooo•oooo• 000 o
• ooo o  •oooo• oooo •oooo
• oooo• 000 0 •oooo
• OOOO• OOOO








- < ; . 6 2 2 2  
- 1 C-A620 -X1-35C9
- X5 . 2 A AC  
- X 0.A21O 
-IA.-965 -1E-6799 
- 1 ? • 2 8  1 a 
-18.6126 -20.6291 -22.6727 
- 2 a . 9377 





—6 2 . 6 9 2 a
- 7 C . 6 6 X 3  
- 7 9 . 7 2 7 6  
- 6 9 . 6 1  A X
-2.2A29 
- 2 . 3 5 3 3  
- 2 . 4 7 4 0  
- 2 . 6 0 3 3  
- 2 . 7 A 9 0  
- 2 . 9 0 3 7  
- 3 . 0 7 6 7  
- 3 . 2 6 3 a  
- 3 . A 6 7 3  
— 3*  709a 
— 3 . 9 8 1 7  
- a . 2 8 3 a  
- a . 6 1 3 1  
- A . 9 8 9 6  —5.A022 -3.9A13 
- 6 . 6 X 1 6  
- 7 . 3 6 3 2  
- 8 . 2 7 8 6  
- 9 . 3 X 3 2
- 1 0 . A 0 1 7
-  I I . 3 6 3 3
-  1 2 . 9 2 7 a
- A  . 7 9 6 3  
- A . 7307 
— A.6201
— 2 . 3 2 * 3
- 6 . 5 1 6 9  
- 6 . 7 7 3 7  
- 7 . 6 3 7 2  
- 6 . A 7 8 6  
- 1 1 . 3 0 3 6  
- 1 1  .52A2  
- 1 3 . A 3 A 9  
- X 3 . 3 3 3 3  
- 1 7 . 3 3 6 0  
- 1 C  - 83 6 7  
- 2 0 . 9 9 6 7  
— 2 C. 6 3 3 6  
- 2 3 . 9 0 7 2  
- 4 1  . 7 33 6  
—A 7 . 5 67 0  
- 3 0  . 9 3 6 6  
- 6 0 - 6 7 6 0
- o e  .0170
- 7 9 . 3 3 9 3
statements exea.T-o ica^aos
c o r e  JSACE
DIAGNOSTICS 
COMPILE TI^i
cejcc? cooe« 187 6 a SYTES.AORat  a 9Ea «
0 . 6 7 3 3 - 7 3 . 6 3 3 0
0 . 1 3 0 1 —0 2 . 8 3 * 0
- 0 . 3 1 2 0 - 9 3 . 1  I 39
- 0  . 3 9 0 6 — 1 0 * . 3 6 6  8
0 . 1 3 * 1 - 1 1 7 . 3 3 2 2
- 0 . 3 * 2 3 - 1 3 1 . 3 6 * 0
—C. 2 9 3 9  . - 1 * 7 . * 3 1  *
- 0 . 3 6 3 0  , - 1 6 5 . 1 1 6 1
' 1 . 6 3 0 * - 1 3 * . 0 2 6 *
- 0 . 1 0 * *  . - 2 0  3 . 2 * 3  9
o . o a i  o - 2 3 * . 9 9 1 7
0 . 2 3 6 * - 2 6 3 . 1 8 9 3
0 . 3 0 * * - 2 9 9 . 2 9 6 6
—0 . * 3 0 1 - 3 3  7 . 8 3 * 5
- 0 . 7 8 2 0 - 3 8 1 . 3 9 3 8
0 . * 7 6 3 - * 3 7 . 7 5 * *
0 . 7 3 0 7 - 3 0 8 . 1 0 7 2
0 . 3 0  18 - 3 9 0 . 6 1 1 1
- 0 . 5 6 3 7 - 6 0 7 . 3 1 2 7
- 0 . 0 3 8 3 - 8 0  1 . 3 0  2 7
- 0 . 0 3 6 7 - 9 2 * . 9 2 3 3
- 0 . 3 2 0  2 - 1 0 6 2 . 0 0 2 0
0 . 1 6 3 2 - 1 2 2  0 . 3 9 3  0
80 16 3TT6
NUMBER OF ERRORS- 
l.CA SEC•E XECUTI On TI mE-
0 .  NUMBER OF HAPNlNCS* I




1 9 . 2 0 w  wATFIV maR 19
c*ccf
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Sample Ingot 12
Me til Chemistry - Cit.38 z. Si 1.85 Z>  C.Z. 5.01 Z .
* Kn O .53 Z . Cr Q .11 Z ,  Cu 0.03 Z .
A l  0.023 S. Mg 0.021 Z ,  S 0 .00^ Z .
X I I ) Y{ 1 ) 0(11 ClOOOl CICVCNJ 'SUMtCt1 ) )la .3300 6*.370 0 7.6027 -703.7009 ’ -0.0166 -113.68*1
16.0 00 0 **.2035 *.8*63 28.5321 -0.1036 -57.0872
I * . o o o o 3 C.*290 2.6636 16.6*20 0 .21*0 -23.3733
12.3000 20.7620 1.6366 6.3608 0.1723 -3.906*
1 0.0000 12.8375 0.6766 5.5000 -0.266* 6.5573
8-0 000 1.1580 -0.2367 1.13*7 ’-0.0373 8.7321
6.0030 - 2.6300 ■ -0.6662 - - -------2.*677-- 0.0232 3.8071*.0 300 2.3706 -0.8733 -C.8133 -0.036* 2.06772 . 0 0 0 0 1.3366 -0.636* -0.3863 -0.1166 1 .0332
0.3000 l .OCCO -1.3856 -0.8778 0.3533 0 .0063
- 2.0000 1.1373 -0.6162 -1.4200 1.6166 0.6880-■*.3 00 0 1'. 3131 -0.8608 0.1000 C.1067 t.*063
-6 . 0 0 0 0 1. *  726 -0.8661 0.1816 0-038* 1.686 6-8 . 0000 1.6302 -0.8*16 C.2566 0.0251 2.4326-10.0300 • 1.8*0 8 -0.8137 - ------- 0.2307 0.1061 - 3.1723
-12.3000 I.C786 -0 . T'S 16 0.3807 0.0*81 4.0*80
- l » . O O O O 2.3*7* -0.7*60 0.3806 0.1*02 5. 1076
-16.3000 I .6302 -0.7036 1.8000 -1.1616 6 . 383 6-18.3000 2.8787 -0.6731 0.*672 0.1612 7.6*0*
- 20 . 0 0 0 0 2.06 73 -0.6*18 0.7632 -0.0872 8.6627
-22.3000 2.17*3 -0.6273 *.1*12 -3.6166 1 0 .0* 1*
-2*.OOCO 2 » CSC* -0.6366 C.031 * 0.1716 10.*673
-26.3 00 0 — 2 . 8 6 1 a ■ — 0.6560 --------- ------------0.0*33------ 0.0317 1 0.6*20
-23.0000 2.6200 -0.63** 0.0616 -0.1326 10.5006
— 3C.0003 2.2216 -0.7300 0.3330 -0.787* 6.596 0-32.0000 l . a t o o -0.7760 8.0203 — 8*3d57 8.*032-3*.OOOO 1 .**26 -0.8133 -0.*!27 -0.1696 7.2*19
-36.OOCO 1 .COCO -0.8667 —C .6660 -0.20 26 5.*683
-38.0 00 0 C.63C3 - o - a o v i — C .7606 0.0836 4.1*66
-*0. 0 0 0 0 C. 2010 -0.6268 -1.8625 0.6233 2.2703
— *2.3000 -0.1761• — 1 .06*0 * -I.1*16 -0.1166 -0.2532
-**.0030 — C *8726 -1.116* -1.6665 -0.38*1 -*.*203
-*6.0300 - 1 .3602 -1.166* -2.1327 -0.1187 -8.9233
-*8.3 300 . - 2.t168 -1 .2666 - 2 . 9 3 7 7  0 - 688  2 -12.3621-30.0000 -2.7602 -1.3513 — 2 .3623 -0.1222 -17.8613
-52.0000 * -2 .36*7 - 1 . * 5 * * -2.8366 -0.3010 -24.2072
— 3 * .3 300 -*.0362 - I .3120 - 1 .8 8 6* -6.1731 -28.3*20-36.0000 - * . 3 3 « * -1.5769 -2.8263 0.3581 -3 3.2 8*3
-38.0000 - : . i 6 * 6 -t.6566 -3.0832 0 . 1203 -36.2136
-60.3003 -5.8833 - 1 .73*7 -3-7695 0.1062 -*6.33*1
-62.0000 -6.7*02 -1.867* -*.70*3 0.3860 - 5 * . V 6 * 6-6*.3000 -7.660 3 -1 .66 26 -5.3887 0.6387 - 6 4 . 8 8 * 5
- 06 . OOOO -e.26C2 -2.0727 -*.132* 0.4878 -72.21*1
C29
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-68.0000 -e-9»2« -2.1390-70.3 30 3 -9.63*0 -2.23*2-72.0000 -1C.*293 -2.337*
-7*.OOOO -11.27** -2.*096-76.0003 -li.1961 — 2.3923-76.0300 -12.232* -2.7263-60.0000 -I*.2013 -2.6729-62.3300 -1 E.3028 -3.0325-6a .3000 — 16.6* 50 -3.2116-66.3 300 - ia.«««3 -3.*2*3-86.0300 -2C.2149 -3.0603-90.0000 -23.1839 -3.9223-92.0000 -2*.3669 -*.2133-9*.3300 -24.7987 -*.3372
-96.0333 -29. EC74 -*.6960-96.0000 -23.3260 -5.3001-1 00.300 C — 2 E.89 2* -3.7*36-102.0000 -39.e309 -6.2*9*-1 QA.0003 — * *. 030 E -6.6329-t 06.0000 — El.***9 • -7.9530-138.0003 -62.7C89 -9.3209-1 I 0.0300 -7*.1613 -10.6*07-I 12.0000 -64.6613 -12.3130
STATEMENTS EXECUTEC* 13700*1




OBJECT COOE* 1TBAJ 3TTES-A9HAY aB£a» 8008 BTTi
NUMBER o p  ERRORS* 0. NUMBER OP ^ARMINGS*
C.SO EEC.EXECUTION TIME- 1*6.20 SEC. 12.07
BYTES 
3
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Sample Ingot 13
Moral Chemistry
— «. . . - ...
• ■ •
* < I ) y< 1 1
12.01!'? 2 >.«2S6
10 .300 0 2 <.62 72
. -.i-cjgc---
6 . 0000 7 . 20 6 1
*•3500 2 .ec?e2.3 300 1 .63*30.030'' 1.f000
-2.C030 1.2 2S5
-*.0303 I.e?C«-6.0 33? : -?■=<■ *
—d .3000 : . (620- 1c.o 000 ,:.z?is-12.oooo 2 - 3;;»
- *. 1.0000 e. 17C7
-- If.3103 - - — ; 6
-Ifl.C 30? * . 1
-20.3300 *.2?6*
-22.0 ICO :.sc;*—-21.0304. - - .1 1 A 6 ̂  ̂  ̂ J.
-24.0300 2.6*6*-23.0 300 1 . 6 6 * 2
-25.00.3C 1.26:;- -.— 33.003 — C.S**)
— 3*.3303 - C.1266
-36-3 30 3 -1.22*2
-33.3033--J3.0033 . . -: . <2 6 ;
—*2.3000 -2.8223
— **.3 00 C -«.252?
-*6.0 30 3 -« . 73**
— e - . ^ o o o  - -
-sc.3000 - ; .  6 ? 1 *
-32 .1 333 - c.4 7 SC
— 5* *? 3? 0 -7.S2C1
— -So.OOCO - ___ -I.;*;;
-38.0030 -  « .  ?Z 1«
-60.2003 -11 .co«e
— 62 .0 30-3 -12.:*ee
- 6 * . 0303 • - 12.  e* -»s-66.0 30? -12.7-11
- 0 6 .3300 - 1 * . ssco
-7 C.C 33 3 -1; . ;  2 ? ?-72.33C3 - t6.*4*c
C 4.07 51. Si 2.28 a, C.Z
Mn 0.64 i.. Cr O.32 £. Cu
A1 0.019 ! Mg 0.022 fC, !
6(1) C izoo>*.23202.2267 12 .5 222. . C -6226.__ _ _ f- , ,j A ̂  ̂ _-n .2*?3 C .5133- r . 7*52 -2*1603-? .4422 - 1 .01C®-1.2356- '.CSS2 - 1 *54.06-0.8672 * 2 0 ^-0.6 25? -c *135 t-3.7341 2.2*352-0.67*4 ~ .57<i*q
-0.6025 r*ei7i- 0 .5248 C *72:2--.40 10- -- • • ^ * ̂ 1 ? 5 --3 .*7<*-l ? .61: j*.—0.3014 -c .:0 - ’-?.*5'. 2 -r .03^4- C .61*5 .- --—  Z -2tpUo---3. eosp - C . 6 12 8-0.7711 -C .680-^- 3 .9*61 - 1 .2 Z2 ̂— 0 .ao** ----2-*3 7«uL-
- 1 .f'75g - * » S 7<-i?
- 1 . t 537 - 2 *2707
-1.2705 “2 .02*l2- 1 .*2 ec- 1 .*7g6 -2. 1821-1 .5322 - 1 * 1 <*03-1.3463-1.66®*- t.73*3 -2 . *i8?2- 1 .332? . - ? * 1HSS- 1 . 3eto *SCeil-2. 1322 .. . r_t.-2:03





.... cC I £v5*m 1 •» 1 c t ; 1 »* 3s 1 2 -jj.it?1
«* * - 3• loj ?. .A - v r  _r
?- 1351 7*171 ft?. lOOv j.,325
** *354,6 :.lo-5I * 30-S ... 2 *235o
2.073a 1 * .»37
0 .34-2 ! * * 22 2
t .5 Jo: 2.-2'*^.1.1 *.1 >0 7 5 * 1 *>9 7: *ocJ7 0 . 7*1 ?
C * 1 6 77 - j-nos 0y j ? L-A .3672 1 1 * f; 7 J 7' , ̂  •> > c. I 2 . 1 W 4 f. 8?7£ I 1 .vj«'
- r. •: 2 - 7 -ra? v *i>-2 6-*'.2:2: r .rjo**
2.3115 5.721V
I * 122-
" ♦ 1 302 - v. 2 2. 1
- ii..0 :*- * • *-* u 2 -17*^72^:• -2C.7,-2
-C.3 5 2 : -*:-.2227
*W-?53■3**57* .-jJ. ; 2 i 2
-in.0 - 2
-* * 1 752 -*b*-- * -3i--25n
2 . 23 ■> C : j' "
c *iprr -7 » .4̂ -3 ?^•1034
^*255= *7
0*6152 —  I v n * - d ! -:.fi3* -*.-.7-737 • 1**7 -til *3i- .-r.^27c 7.?
- ‘*5-12 -. — 7 1 :
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*
- 7 * . 3COO 
- 7 O .0C00 
-73.0000 — - 
-32 cco
-  f  4 . 0 c 0 0-aft .C 300 
--~a.S -OOOO. ,
- s o .j c o o
- S * . 3000 -4*.0*300 -QSMOO • -«<J.C JO?
- I CC *3 >C* 
-I02.00C j- : . r 2 0 2  -100.0300 
-I 33 .0 300- 1 I 3.000 0 
-1 t z .oooo
-17.5121 -l«.57tC.- 1̂ *7257 
-2- i
; .2* 12-2: . 732*2 -2 ;. :j?c
-2^riT^7 -2 1 .2*«;* -2 :. 7 7 5 3




- c c ^ s  f f i —■*1 **£ » -  a , /
-2.2*51 -7.2251 *‘ :.1 I 52-2.a 371 -7 .22*7 -7 .3 -j w-2.5*1! -2.36^9 -•*'.! 04 3----3-75*2 — -------41̂ 2*3*.. .04A-1-3 -**25 - 1" .7**3 r .jiT3-*.1221 -11.2*4i '3 . -cOc-4.3212 -12.05*2 * <2*2 '.  ̂■* _ » ■» . 4- - - * .-* .5* 1 0 -1t .6533 -7 • 323-d-5.1*12 -17.52*7 .156n-5 -12.73a 0- -T . ->427-5.4 12a —-- - — ■ ?? . 2— .-*3!"*-*.155! -;2.23*.. — ? • * ̂ r 2-e.0l27 -:5.?*22 1 . j J; •*-7.3*22 -xs .aai5 *.; J22*-7.s;oo . - . -Zi .2ii.~-«.I* 20 -27.3241 !!-•.7*2* -2.- .3302 - 1 .232^-S.2*2* .2032
- - 10.
3 2“ ' c
3-0£» - -*Cv
or “opopsj
‘c .5 »ecu*!c* r r -5— —  »23.72 yFC« j “* • 1
- 1.72 . 702 7
- I 5 7 .44v*- 20*. 3>*3 - —<*c j• :><>*
- 2 - 2 «r. 3 ̂  *
-235.5i.-7
- 2 3 > * • 2 «1
-71Tto5*4*- joj.7251 
-*<2 2... f 3*
-A. 1 . .1*5
- 2L • I
-3 i  . j o va  








Metal Chemistry - C 3-92 Si 2.33 *. C.Z. 70 *, 
Mn 0.66 £, Cr 0.19 *. Cu 0..13 
* A1 0.019 Mg 0.016 JS, S 0.005
< 11 j 
14.0000 120000 1C*0000 8.0000 €>.3300 
* .3 300
, Vt I ) *?. <3<3e5 
3 2.*735 2 C.06 I 3 
i i.e**5 
€.69*3 «.7539
»< I > 5.*363 
3.29 * t 
t .5603 0.3810 -C.3267 
-0.6209
C f OOO1 -675.5*37 17.167t 
I C .5003 5 .3523 
-0.7 133 -1 .5276
CtEvCN) ,-Sum(C( I ) ) 0.0105 | -57.36*6 
-0 .3585 -2 3.3*730 .2223 
- 0 . 3 * 6 7  
-0.3300 
3 .13**








-6.OOCO —8.000 0 














- * 6.0000 
-46.0000 
-50 .0 300 
-52 .3000




4.038* *♦ 36*9: • oco2r.3657 
8.618*2.7133 
1.6*15 
m. .4C53 1.0215 
4.5510 
2.9996 
2 . 2 1 7 2  
2 .5 3*6 
1 .36 3 2 1 . 13*7 C.39*0
- C . 3 S 2 2  - 1.2020 
- 1 . 0 5 * 2  
- 2 . 6 * 7 5  • 2 . 6* 8 *
-0 .0*363 -1 .301* 0.1996 | 1.5T27-t.3856 -1 .2132 6.*309 0.0079-C.O500 -1.63** 2.1626 ' 1•06*6-0.6060 -C.0865 0.3317 j 1 .651 1-C.6 3*5 -C .3570 0.7535 2•***1-0.7568 0 .*272 0.1686 3.635*-0.6610 C .6770 0 . 1607 5.3126
. 56*55 1.0558 / -C.0827 7.2556-3.*027 0.6*61 0.1533 : 9.3212-0.*277 1 .0 322 Q.0*0 * , 11.*66 3-0.3726 0.8052 n 0.205* 13.67*6-C.3326 C.8315 () 0.213 1 15.77*0-0.3125 3.860 2 y 0.0339 • 17.3623-0.3166 1.6*63 A -1.2156 14.8273-0.3*15 0.0377 /  \ 0.2992 19.5012-0.3550 0.0^52 0 .0393 19.5372-C.**23 -0.2156 -0.0797 | 13.9*6*-C.S099 -O.5055 0.231 1 1 17.7976-*.5923 -2.0 19* 2.0009 ! 15.7605-0 .687* -11.7275 10.2371 | I 2.679 9-0.7676 -1.0760 -0.2659 I 0.1560-3.8510 - 1 .3753 -0 .323* - 6 . 752 6-0.0253 - 1 .9515 C .03*2 2.9173-1.0727 -2.8235 0 .60 1 0 -1.3373- I .1563 -2.*3*3 -0.132* ’ -6.670 8-1.2*6- -2.0070 -0.556 1 * -I 1.6008-1.3333 -2-4^37 -0.075* -16.9391-1.*612 -4.1731 0.35*0 -2*.5771
C23
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
%
¥
—5*•33C0 -«.3*0l -I .5125 -I .*725 -C .*223-56.0000 -♦.♦91 I - 1.5716 -2.0233 -0.1979-50.0000 — i • o 11 a -1.6*00 -3 .0692 0 .*583— 6C.0 000 -*.61*6 -I .719* -3.2693 0.1916-62.0000 -6 .31*2 -1 .51 17 -3.easy - 0.0269-6*.OOOO -7.1265 -1.9192 -*♦*656 C . 1712-66.0 00 0 -C.C79C -2.0**9 -5.*877 0.3372-66.0000 -9.C332 -2.17*0 -6.0627 0.5712-70.3 300 -9.6C7C -2.27*3 * -5 .*366 C .7l-*3-72.3000 -1C.6325 -2.38*2 -*♦990 5 -0.2793-7*.3000 -1 1.5360 -2.30*6 -5.3709 -0.5113-76.0000 -I 2.5213 # -2 .6368 -6 .*336 -0 .1356-76.0000 -12.6231 -2.7822 -7.2362 -0.1106-50.0000 -1 *•62*9 -2.9*22 -7,9923 ,-0.2317 •-62.0000 - U .  1*66 -3.1 I 32 -5.6869 -0.51*1-a*.oooo -I 7.6020 -3.3119 -10.57*0 0.27*0-66 .C 300 -19.2052 -3.5255 — 1C .8*87 -0.6579-66.:300 -2 C.9729 -3.7609 - 13 .3368 0 .*C 65-9C.0 OC 3 -22.9235 -*.0207 -15.1029 7.636C-92.0000 -2 4.9*90 -* .2906 -16.1797 0.7025-9*.OOOO -26.61*1 -*.5392 -15.9618 0 .9*97-96.0000 - -25.6212 -*.6068 - 16 . 1910 -0.2272-96.0000 -30.9615 -5.09*7 — 1 7 .*933 -C .*60*-t 00.0000 -32.3067 -5.*0*7 - 19.2967 -0.3325-102.3003 -35.0^98 -5.738* -21 .2579 -^.2311-1C*.0 00 0 - 3  6 3 0 * * -6.0976 -2*.3595 0.9057-106.0000 -* I *037 — 6•*3* * -26.1385 0 - 555*-106.2000 —*♦ 6296 -6.9006 -27.7675 -0.2*15-1 10.0000 -5 I C320 -7.7697 -6*.90** 1 . 1*65-112.0000 -39.7560 -3.9292 -7C.3950 -0 .86*2-1 l*.3OC0 -7 C•1369 - 10.3153 - 56.I*6a - 0 .8638- 1 16.0000 -6 1.6936 -12-1136 -113.8*07 - 0 . 1562
S T A T e * C N T S  S X 6 C U T E 2 -  1 2 7 0 1 2 *
co«e s j s a q z o s j c c t C30C* 1375* 3YT6S.A99AY a D J a * 3 0  1 5  3 Y T
31 A O O S T  I C S rsiUMQEO OF “P90RS* 0. N ^ M S C P  CF M A O N l - N d S *
C Q m £  I i _ £  r t  Me »  ;. c  3 see • £ xCCUTlOn TIYC* i  * * .39 see« 19.*5.
-25, -32, 
-36, 
- *  * ,
- 5 1  , 
-60 , -7Q.-a i. - 9 3 . 
- 1 0  1 . -II 3. 
-125 
-1*0. -15T,
- 175, -1*5 -219 
-2*5
—  27 *  
-305 
-335 -368 
-*0 * -**3 -*56 -533 
- 5 a *  -c»* 0 -7*7 
-39 1




. 1 575 
















• 0161 .27*7 
. 1926 







c *c c f
"x
C29
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Saapl* Ingot 15
M.tal Ch.aistry - C *4.03 *, Si 2.23 *. C.S. 4.79 «t, 
Mn 0.^3 *, Cr O.lk *. Cu 0.06 Jt,




C -0 3 0 0  
- 2 - 0  3 TO
- 6 - 0 0 C 0  
- A .0 3 0 0  
- i r .0 TOO - 12.0000
- 1*.>C-*0 
- 1 ^ 0 0 0 0  
- i a - w  0 0 0  
- 2 0 - ^ 3 0 0  
- 2 2  - £ 0 0 0- 2A.0000 
- 2 6 . 0  TOO 2*. OOCO
- 3 0 *  T >C0 
-32-0 000 
- 3 ^ . 0  3 C 0
- 3 6 *  OOCO 
- * C . O O C 3- *2 * OOOO -**.000 0
- * 6 . 0 0 0 0  
- *M .CTOC-sc *?"3t:
- 6 2 - C  > 00
-  5 *  * c  0 0 0  
- 6 0 . 0 0 0 c  
- 5 3 -C T^O- A 0 * •? <• 0 0 -62*C TOO 
- 6 * - C O  3 0 
- 6 6 - 0 0 0 0  
- 6 t t * 0 0 0 0
c ( I) C(33Pi C ( £v ;n. j s 1 <. i : 1 iA.*osa -460.16*3 • 0 .0 1 3t- — 3 o * » ’. *• c2 . * 6 9 1 14 .4*43 -' .7124 -I 0*57 S*3___ L..7JU.2- y — •>». •. . 2-0.993 -2.72510 . * 3 4 ’ «.7242 0.ldJ4 ^.c c-0.2617 -C.2343 0 .1.0 6 2- 0 -7 * 1 » -7.7671 ’."216 3.C+3C----ft.av.jj ----------— n..17o6.- 1 *-32A-■>.<5140 — T .1764 -'.•'.ntl-1.2436 -’ .3654 r .-761 : • w  ̂  s-o.9a9* .3333 *•I?5n 1 *:
-z.&azi • -0-3273 1 iYLl*30.3971 c • IZl * 2•2o 7 0-•ft .3736 0.6429 - .2225 5.57M*-0 . 4. t 06 1.3370 5 5 I 3-6.2613 -------I _3’31 *T . 1 * 1 7 ; ui.-iSA
- 0 . '. 6 12' 1 .3 43* * * w 7 w 1 -.; 2 : 7• 1 3 73 t .12*6  ̂ dec 1 •.# • D 0  " 2- 7.14.16 0.6497 ^ *wS2‘> : 5.:i >2-0.237 3 21-1337 *» *•» & & : ;-6.’322 -1.6*77 i 192 * 0  «v7 3 A— C .2632 -1.229 3 1 2J*IoP.O- 0 . 2 0 1  a C.OoS* T.239f> 2*<.d7: 5-I*. _ I. . - ----  ft.*?’ * — ■ - 2 - -- &>.— 0.4103 -0.*601 >*•537 ; ... :>c-".**73 -a ..'lOft ’i . 715 :-0.333’ -7 .79*0 *.*-3: ; v*o^‘k t- 0- u 7 42. _______ .-i— r.ki*__
-0.T3C3 -0.9960 -C*35VA 1 1 7 • c»; 15— ’ . 3*26 - I .*236 -C-2937 7. 1 7<->o-0.0136 -2.6*71 T . 7 3 *-! .06*3 ----- 1 .3161 - A *5277 - 7TS3-1.1241 -2.6264 • ? • * 7 5 ; “ w .• J iU
-1.2042 -2.730- ^ C 7* a— 1 . 2-3 t 1 -2.9*** ' *•» *C5 - t * . C * 1 i- 1.3403 -2.23d* -'*145*. “1 V.Jt]"- 1 .*213 -7.263* -0 * 24 7b -2 J . . 2-1 .3224 -2-4831 • I* I i »o 7-: .6*0’ -4.3194 * : .5 : 1 t- 1 . 71 n2 -2.0229
-1.77 — 2.33*0 r*
-1 .6 304 -2.3136 : .*>*>32 — 30 o j -  l- t .0323 -*.2*03 12V
-2.0 240 -*.6713 C .7^ i *6 , -«*1.13ib
C3 0
s
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
*-73.0000 — £ » 71 f * -2.1209 'S. -t .0757 jf.3672
— 562 -j ^.5635-72.3000' -S.28*7 -? .2**o5 \ -*.587* — >: .ioo7-74.CC00 -t C.375C ^-2.3776 -5 .6CJ9 .3* 16 -l £rr -ir.68i? -2 .3?5? -} •—  -7.05*3 ? .?25-5 ----It ▼. f -r»A— 78.3300 -I 2.92o3 -2.6<316 / -7.703* — 3 ♦ ̂  a3 3 2-5C .2^23 -14.353* -2.8*12 / -7,636? -- *i:?2 - 1- S .1-0 <3-22.032? -18.1230 -2.0**^__^ — 7 ,o2vo -0 .123* 7i66-1^.2027 -8.26*6 -^.13 9* — .41 «-<̂k * 1-36.C03C -1 7.862* -3.3078 -8.9506 -*3.-0 31 -230.0133-56.0003 -1 S.0265 -3 .*303 -10.5203 ° . -o0* -22 1. 2V-? 7-00.3030 -2C.*0*2 -3.6662 -11 .0661 3.5755 • -2**.?7*»0-9*.ro00 -2<.C08* -3.890* —  12 .3?7> ? . 7662 -260.13 »*
-9* . ?0^ ?*• -23.741? -* 1370 -I*.7601 0 • -2vo« 70 i>o-96 .0000 -28.6223 -*.2 317 -t* .5Q23 -0 .3 t 5 7 - 32 ?• 2 a-93.000C -27. 7<;c-» -*.671* -16 .50 75 - ̂  ; 3 7— 1 0C.3000. -3 C.182* —  .*6^4- • - -ta-779^. — v. *A^3 . r - --3 L *0— 33- I 02.0000 :. 7 9 2? -5.3 272 -22.0O13 ^.31*1 -*-3.*07?-10*.0300 -25.83C3 -5.717a — 25 .2608 1 .1130 *-*V 63«8-106.0000 -26.7784 -6 134.0 -2? .*119 ?.5362 -5— 7.2d OC-I 08.COOO -*:.see* -*.8o:e • -28.9112 -?.O30c *---oOn.V333-i to .3033 -At.162“ -7.?azj -2* .333* 2.2012 -o 72,z 76;-112.0003 -ft.tot? -8.3215 -73.4631 - 1 .1 5*'* -023.31.13-I 1 **.?2cr -67.2C?? -« .93*6 -98.12*7 • - 1 .2*71 - i  ?22 . - 3"?-Iio-0000 
ST ATE/4CNTS
-at. 7787 -11*6630- 
EXCCl TEC* 1*20727
--122*3349- ?.v»292 — l2U-i.o7 o '
vSACE CffJECT 8208 » I 7A* £- 7 ̂ ^58 , «o»tr -*6**■ » <5 r»v - ?-T*S
otA3N^sr:cs \cv*»ei • .
COMP Iu£ -7 1 *£«* - „ - c.oi
Cite*'






Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
/ -
Saaspl* Ingot 1
*Chooi3 rry - C it.25 *, Si 2.30 *,-C.E. ft. 82 •*;
Mn 0.59 35, Cr 0,1ft- %. Cu 0 0 JN
A1 0.023 *• M* 0.01ft- *, S o.oo4
/
x { L ) vt r > O H ) c'taoo j C (Cv»-i 118.7CC7 8C.4521 8.3o 20 -6 8 1 .6125 -1 .: 216 .0 C 0 0 21-23*2. 2 .O754 12.6623 -?. 1 :o*--1^.0 o<v> 22.1««3 • 1 .<^8 ^ - - <.a8 a 2 - - n .?»0 i
2 2 .C ooa 17.4227 1.1T5C 5.3768 "> . 1 7 i -i
13.C 7C0 1I.4t43 3 .5 1 <*<* 3 .5570 — * ̂*3 1 O
d.OOCO 7.5262 -3.1578 * ^.6261 , - : . C 3 7 -
6-.0OO-6 —  4,4;7j -*t.6 0 S w - - *— 2-3310 —
8 -CJCO S . 78 59 - o , a A 7 v -I.2834 I -*j.:t7u2.3000 1 .27 0* -0.9628 — -*.8517 f* — ? . 1 4 270 .OOCO 1 . cooc -1.3534 -C .461? 7 .2 1 0 c-2 . 0000 • * * « y -O.Oi 85 1/• 0.,'678 --1 .1704
- a .0033 i.2?26 -0.1<7^2 • C.1^3*-6.^000 1.8f51 -0.5665 3 .2213 cI2 T3:-J.C >oc 1.4802 / -".38 l2 7 .21^7 7.7517-1C. )<JvO 1 ,68*8 3 -0.313^ •0 .-2^30-I 2.0^00 2 .C6*5 -0 .73 20 Z.326* J7V39C 7-18.0036 2 . 2309 -A .7876 -1.0537
-16 .0000 I .4288 -0-70*8 3.8371 V5.18C1
- 18 .0000 2 .<58 ; .6488 ~ .6320“ V ? 5 2-2 C.0 OCO 2.2220 —7.4151 1 .0330 -07^-72-22.0003 2 .7^58 I .4*5.? -- , J 3A 4
- 2 8 .3OC0 : .63.15 -C- ^ 8 '’* -1 .1.8*8 1 .3 5^5— 26.3 30 3 2.6737 -*> .35*3 C~157-. .. C .1 7 7C-25 *0020*- 2.83^* -0.5*88 v C kC208 7.0^00— 3 C .3 30 0 2.18 56 -0.4140 6.13C1 .29 id-32.0000 J.IC^i -2.-o»T* -0.115'' —“ .13c2- 3 8 .000 3 3. - C .308 3 1360
-36.C 303 2 .Ci64 -0 .7820 ' -̂ >1 .3<~3-> “». *5 58
-3C.3CC? t . 71 C 2 -:.75 a -» .25* > — " " 38
-8C.2377 1.2 6 8 \ .226* -0 .7uO > 3.0 *.8 :— —-2 • C 33 3 1.CC.33 -0.36C? * -C./738 0 . 1J72-8.* .0000 t ♦ 7306 -~ .*105* 1 .578 7 -7.^2*7
-*4.rooo C.2022 -2.0271 - 0 ♦ 732 1 -0 .:a3?- 8S.OOG3 ^  c^cco — 1 ♦ -C . 3320 .37^7-60.3SCO \  - !*. :6 c *> - 1 .15*2 -7.3890 -0 : 75-52. 7 }?7 -<•84 Cc -8.3954 -* .-38,3300 - 2.21*;* -5.8290 # — 2 W 7154 n • 7 — * A-36.0320 -: -1 .852* -2.«"5?7 ‘ . V rt 6-sa,oooo — 8 , Sh 1 v -1.3~S3 - -2.42o3-60.0000 -8.6855 -1.61°* -3.6S0 7 “‘.^1 8^-62 .3 JC 0 -5.5173 -1.7077 -3 . 3-0 21
- 6 8 ,C 330 -4.2C06 -t.5120 -8 .6820 -6 .0 70 7- 0 6 . 3~09 — 7•25 1 1 - 1 .93-? -8 .40*2 .J791
* C3 2




s.;on 1 » • I ̂ *
•l 2.21*2
I 1 • <1 5 3 *
r 9 • ? !  5 41—  - - o. ̂-t-o
1 • 0̂ 57 
2. * *o~a
2 . . 77 .> 
-  .  * 2 2 6
u . : : ? e
W • vJ^1 V
7 ,p 4
- -. ' . 2'; 7I 5 . 57 1,5 
i  J . 3 ^ 5 *  :2.7 ; *. * i ■» *
-7 *. v 7 *3 9 o-10C2 * . 9 0 7 -r :.;:54 J
- * 7 , 2 3 5  •
- i  > . i a i : -2*2.
- 2 7 . ^ s 7 T  
- .1 . 2 2-J 3."'462 -4 * * 2 <*
-53*1123
■Oj., 7% -
Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
s’
. . 4
-66.330 3 -?.2"5i -? .r>57 -i .*7->? — "* 1 *od 7-7C.0033 -C.1250 -2.1745 -*•31-%
-7? .330 ? - 1 3."4 3n -2.33o* -* * *3CO > - 17^:2 :-74..33C3 . -11. 074.7. -2.i<J5 - -< ̂ 2 ;  > .
-74.0600 - 1 J * 1323 -2 .59 **5 -2**C37 1 . 1 -*ju
.-73..->000 — 12.5291 -7.7711 -T.^732 -** . i*.i6-30.3000 — 13.013* — 2.9667 -C .A7’5 -I. 17C3
-32.7000 - t 4». 679 : -3.15T4- - 1 : .?o« ? ■' ■*. 1 *0 ?
-fl*.3000 -IS.52 22 - 3 .4 2 4* -13.1 ̂ 4 ■». 57*-'-06.OCOO -2".40 1" -3.7123 - ‘-a *■ • *dc 1
— 30.30CO -a;.oic. -4 .023" -1 < .A2V5 . 2^ - 1— oC .3 C v 3 -2I.6£3c -4.2071 - 1c — % . 7 i C ?
-02.'300 -25.7672 -4 .7*79 -21 .3126 -• . 7«52t
-<54.3300 -25.3275 -5.3510 -JC.6363 ? *76a:
• -06.0 000 -27.7591 -5.9'.0 3 -33.C 6<S1 1.*71 7- or-, ooo- - -— *•?.«322 -t.,7577 . M  -* ?
-IOC.0333 - 5 C . 29 3 4 -7.o7i6 -i2.3S6l
-I 02.3030 — 4 C. 1332 -7.0742 - 72 . *’““3 -•.33o-
-I 04.333" -72.1ii- - 1"*5513 «./• , j » 5*-106.3330 - C C . 3— o7 -12 .3- 76 .,
STATEMENTS E x ecute- 120 10 14
cco: Jsxcs *.* J*/- — COOS'* ’7«a; o»tfat(CO(T jotf,;* -»r> * j
31siNjjr;c S n u *S =0 C' £300^34 m XO k : •
c s m o :w £ t :Ki • 0 . rf2 SCC.Sx'CuTIi.N 7 12£-?d SiC- 2' • *
— f * ;j 5
- U m.::::-122.Cl<>2
-:aa.C5t i -ni.ft ?<>o  ̂• t »: » -̂ J a.̂ 722- >6 v • C4 2 * t- 7 • • 77 ci -i:>2 .267-4- * 11. f'-O * <1 *‘•32 •iu,') «* -5»T,*?««-t 7i.i r  •oi ? ♦ 7a*.4
*<5 5?*T£S





Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.
Sanple Ingot 17 v
Metal Chenistry - C 3.96 S. Si 2.17.*, C.E. fc.68 *.
. . Mn 0.^7 *. Cr 0.09 *. Cu O.Ofc *,
A1 0.022 *, ,Mg 0.021 . S 0.003 *•
* { I J 12-0000 
IC.C000 8*2200 
6*0000 
4 . D 3 C C  
2*0 300
I 306.8*587 
2 S. 71 94 








c c COO >■7^4. 4.232 
8.2960 
6.6233 






0. : 188 
0.1625
SU»«<C(II1 
-3C .583 6 
-I 4.2699 -0.6224 
7.1196 
4.2416 
1 . 4 5 4 0
.0*0000 1 .*GCCO -1 .3336-2.0700 1 .6940 -1 .001 1-4 . 0 0 0 0 Z.3880 -0.8725-6.C 003 2.6C29 - C .7041-8.0000 1.4323 -0.453310.0000 6.8798 -0.2454>12.0000 7.8747 -C .0974•14.0 OCO 6.29 1 1 -0 .0270•16.0000 8. tOOS -0 .0376•18.OCOO 1.1716 -0.0 170•2C . 0 00 C 7. 7930 -0.0662-•22.0000 7.184 1 -0.1264•24. 0 000 7.40 13 -0.092026.000 : 7.4373 —0 .0817•28.OOCO 7.2896 -0.0933•30.0 OOO t . 969 I -0 .1329
•32.0 :co 6.49 8 7 -0.1900*•34 .0 00 0 1.9109 -0.2626•36 .C 00 0- 1.2440- -0.345638.0 0?? 5379 .4339• 4 c .c 00 0 ' t.36fi3 -0 .7055•42.0 OCO ! .4769 -0 .8123•44.0000 1.2C 34 -c .3437•46.000 0 1.ccoo -0 .8667•48.0000 r.6364 -0.90 37
•50 .0 )CC C.2829 -0 .9296•32.0 300 C. t 094 -0 .9419•34.0 OCO -C.3S10 -1.0635
-3 .2897












-0 . 0 4 2 4









2.5665 0.0077-1.2740 1.2075-0.2041 2.0803-1.8534 3.7574-0.3127 6. 764 00. 1684 I 0 . I 68 0?.2444 I 3 . 5 95 I-0.0120 16.43700.1508 18.19100.0399 ZC.4942C.0633 21.62970.0381 21.390 6C .0613 24.4939-0.50 75 26*38316.4**6 23*00427 .2392 23.6339-0 .0379 23.49330.0520 27*3504I .2214 25.914 1-9.7;33 23.72520.0533 I 3.3438-0 .4045 5.9735-0 . 1660 7.7614-1.3330 6.8343-0.4252 1 4.904C0.3366 3.26300.3790 I.50860 .526 1 -2.0333
C 3*
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
-3fi.OCJO
-5a .0 ooo 
- 6 0 . C ^ 0 0  -62.: 30 z 
-6*.0 JOO 
-66.0 000 -aa.c ooo





- 8 6 . 0  0 0  0 -aa.o 7C3 
-SC.33C0 -02.3 003
- 04 . 3 0 C 3 
-<36.C OCO 
- « 8 . 0 0 0 0
-l-CO.DO: 3 -:c2.:3C3 
- 1 04.3 003 
-t C6.3000 
- 1 0 * 0 0 0 0  
- 1  i C  . 3 0 3 3  -r 12.3 0C3 
- 1 1 4 . 0 0 0 0  
-I 16.3 3C 3-i la.cooc
-120.3000
— 1 .SI 39 -1.1332- 1 .6303 - 1.21:*
-1. 2837 -1.2909
-1.9206 -1-3720
- 2 .*0*2 -1.*3*6-2.d9*2 -1.498*
-«.*aoa -1.3731-;. isso -1.6676-<•0371 -1.7796-<•7097 -1 .'8790-7.3931 -I .9353-e.sis* -2.1079-S.3008 1 -2.2*93-1C.823* J  -2.*133-1 1.9766 -2-3668-12.0607 — 2.71 10
-l«.2612 -2.870?-I 3.5923 -3 .0*?8
-17.0689 -3.2**3-I 3. 7C93 -3.*627
— 2 C.33*2 -3.7037-22.6992 -3-99 39-2 3.36 36 -* .3*89—2 8.2990 -*.7523-21.8533 -5-2131-23.833? -3.7385-*C.2C95 -6.3392-»e.3C29 -7.137a
— 5 *•C7C3 -3.1723-62.23*2 -9.*06*-7 «.2*0 9 - 1 0 . S 60 3-6 *•96 92 - 12.2893-97.*361 -13.9337
-2.1191 -0.3063 -6.8839-2.3196 -0.2698 - 1 2 . 0 62 9-2.2913 0.5333 -I 7.5738-2.1963 0.2691 -23.*330-2.3317 0.100* ! -28.333*-2.3877 -0.3209 1 -33-5328-3.**37 0.2668 -39.9068—*.36*3 0.4781 |. -*7.6793-3 .30t5 9 0.7289 -5 7.229 3-4.8*** 0.3280 -66.2620-*.3319 -0.4*2* -76.2103-3.3238 —0.*967 -87.833*-6.9277 0.0938 I -101.3191-7.6839 -0.3320 -117.390 9-7.8219 -0.077* ’. — 133-3893-7. 7.2*9 -0.0858 j -1*9.011 I-8.3963 -0.3862 -166.5768-9.9752 C.0909 -166.3*5*- 11 .6*33 0.5033 -208.6136-13.0595 0.30*3 -23 3.7258-t*.7933 0.6233 ! -262.0657-17.7126 0-8329 -293.8230-20.5106 -9.2382 ! -33?.*226-23.3298 -0.6732 [ -383.*32*.-26.6916 -1.0539 -**0.9233-22.*398 0.3217 -303.1392-2e.l383 0.9323 -379.6301-*9.3121 -.4933 -675.2639-62.9975 -1.1629 I -306.58*3-78.82** 1 .2270 -961.7793-91.6080 -1.233* ! -11*7.*620-92.9*65 -1.2399 > -1333.87*0■111.1 *83 ?.1033 - 1337.9600
5TATev£Nrs cxCCUTCO**' 2426722
c o r c o s a c £
DIA C N O S T :cs 
c o *p i l £ r:m s ,
0 8JCC7 ccoc« 1 8 7 8 4  3 7 T C S . A B R A T  A « £ A * 80 16 3TT»S
Nu*AQ£R OF ERQ.pBS** 
1.02 1£C.CXCCuTt2N
0. NUM3CP CP *A»n In GS*
‘ I *C* 146.3 1 sac. 23 .07'. *a T* I v - m aR 19C
-35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sinpl* Ingot 13
t
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Sanple Ingot 20
M«t*i Cheniatry - C 3.62 Si 2.60 C.E. J*.k?jS, 
Mn 0.58 f.. Cr 0.12 Cu 0.0? *,
Ai 0.020 f.. Mg 0.12 S 0.006 *.
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Saaple Ingot 21
Me til Chemistry - C 3.6k S. 'Si 2.86 *. C.S. ii.59 f; ■ 
Mn 0.75 %. Cr 0.16 *, Cu 0.11 *. 
A1 0.022 f.. Mg 0.0^2 %, S 0.006
<>
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-**5. -320. 
-603. -60 7, 
-735, 
-3d-. -007.
•I 12 6. 
-1273.- 14-2.
4665 



















3 6 7 4  
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Sample Ingot 2g
Metal Cheniatry C 3.7? *, Si 2.^7 *, C.E. iJ-,59 35. 
Mn 0.62 35. Cr 0.15 *. Cu 0.09 35. 











































o o c o
0300
0000















7(1) o< 1 )
38.2603 6.686*«: .22 1* *.33982 C -  72 1 1 3.00932 2.70** 1.9*8 3
18.2 776 1.3*9616.690* 1.13*713.3377 0.9303
1*-. 123 7 0.78*812.1117 0.6*381 2 . C996 8.30271 C .8*3* 0.32888.9073 0.06617 .ceoe -0.18303-*2*2 -0.*0*3*.1*39 -0.37722.1303 -0.7115
I.2629 -o.ei?i1.7707 -0.89621 .1622 -0-917*
l.CSOO -1.2336
1.1116 " -0.9023
1.2222 -0 .88601.2332 -0.86901 .*723, -0 .6309
1 .6232 -0.8307
1.792 3 -0.80831.893 1 -0.79211.97 36 -0.77822.0368 -0.7672
2.07*6 ■ -0.«B92 
-0. W 6 62.0693
1 . C C C 9 -0.7617
1.9C26 -0.7707















-1.3378 -0.769 1 
-C .733*
- c . n * 6
-C.323S 
C .3779 




-2.7700 C .3782 






















0 . 1 0 8 7



















.5*0 0 .3310 
. 1363 





, 7763 ,261 * 
,880 2 
3833 .230 1 
.930 3 .6037 
.2*66 * 78* 2 
1 1*3 
.3031 
.330 1 231 7 
.9600
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X
\
-3*.0000 1.0000 -0.8667-36.000 0 0.665* -0.8998—38.000*0 C.266* -0.9290-*o.oooe -C.2320 -1.0668-*2.0000 -5 .926* -1.1233—**.0 00 0 - 1.6209 -1.2031— *6.0 OC C -2.21*3 -I.2903-*6.0 00 0 CC98 -1-3781-so.oOtoo -2.70*2 — 1 * *673-32.0000__ -*.1772 — 1.3290-3*.9000 -*.72*3 -1.6007-36.000 0 -3.2756 -1.6833-38.0300 -5.1339 -1.7863-60.&000 -7.0*37 -1 .9063-62.0 300 -7.9739 -2.0293
— 6*.P CO 0 -8.9*71 -2.1380-66.0 00 0 -1C.C667 -2.3063-66.0000 -11.2603 -2.*782-70.0000 -11.8589 -2.6771-72.0000 — 1*•5967 -2.9083— 7*.C000 -16.6236 -3.177*-76.0009 -18.9862 -3.*916-78.0 000 -2 1.7*63 -3.8392-80.0000 *-2*.537 * -*.2*62-82.0009 -28.CC37 -*.6919-8*.0000 -2 1.8820 -3.2081-86.0000 -25 .27e6 -5.8069-88.0000 -* 1 .6052 -6.3030-90.0000 -*7.68 6 0 -7.3129-92.0000 -5 *. 7* 1 * -8.2328-9*.0000 -c;.983* -9.3308-96.9 00 0 . -72.63C 7 - 10.6262-96.0000 -«2. leeo - 12.0*30■I 00 .OOCO -91. 1323 -13-2379■1 02.0000 • •4 * • * ** - 1*.5681-t o*.oooo^ »* - 16.C*97
s t a t e m e n t s  e x e c u t e s :* i ? e * 2 2 2
:o r e  j  s a g e OBJECTM COOE* 1878*
C-*937
-C.6679
- e .8*61 
- i .*7 3 : 
-l.6868 -1.7676 
-2.0310 

















-72.0*36 -79.26** -71.5972 
-eC.7072 
-e9 .8692
d i a g n o s t i c s
c o m p i l :
cnjece
•40«e5R o* e r r o r s *
1.C3 5EC.8XSCUTICN T1<«E-






























0 .62*6 0.7618 
0.3763 
-0.7739















-73 -8 7 
-102 
-119 -139 
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Sasiple Ingot 23
Metal Chemistry - C 3.94 %, Si 2.4o %, C.o. 4.74 JC, 
Mn 0.56 S. Cr 0.11 *. Cu 0.05 
A.1 ).02O, *. Mg 0.035 f; S 0.006 H.





3 2.42 23 24.8822
RC I > 7.3110 3.1432 3.231 * 2.1637






, SUM < C ( 1 I } — 138 *378 7 
-78.3183 
-38.1133 1 - — 1 *.7 *2 2
1* . o o c o 18.17*1 1.2811 7.03*7 0.1702 -0.332*12.0000 1: .::«o 0.8*26 4.3*73 -0.3898 7.382*
10.0000 1C.1310 0.173* 1.9237 -0.0896 . I 1.2303
8.0000 7.C168 -0.23*9 -I.3667 0.0388 . 7 8.39*3 ’
6 .3000 4.6091 -0.392* ' -1.8930 ■ -0.0666 *.6733*.3000 I.7806 -0 .8*3* -I .0*8* -0.1182 2.3*222.0300 I.3798 -0.96*1 - C .3093 ' -0.12*0 1 1.07330 .C 000 1 .Coco -1.3836 -0.62*3 0.0913 1 0.0096-2.0000 ! .229 8 *■» -0.9331 1.12*2 -0.6011 1 .0537
-*.0000 1.6396 -0.9972 0.1312 0.1307 1 .6196-6 .0000 1.C880 — 0.836* C•3198 0.0606 2.*202
-8.3300 1.6383 -0.7396 0.73*3 -0.1*27 , 3.6033-10.0000 ’.2716 -0.67*3 0.6133 0.1369 . 3.1**3-12.3000 2.7883 -0.3987 C.6972 0.1336 6 . 8*d99v-1*.0000 4.2369 -0.3296 0 *7803 0.1633 6.7369 ■ ‘ 10.691Q_-16.0000 *.6*13 — 0 . * 71 6 1 .3882 -0.*110 •
-18.0300 4.910 1 -0.*291 C .9636 - -0.0260 12.5699-20.0 300 8.0*0* -0-*0»9 0.63*6 0.1906 1 *.220*
-22.0 000 8.1*70 -C.3830 C.9*32 -C.1197 15.8713-2*.3 300 *.1826 -0.27*7 1.9391 -1.1972 17.3331
-26.0000 3.C966 -0.3806 -C .1997 0.7399 18.*332
-28.3000 4.8612' — 0 .*063 C.0810 • 0. 1313 18.9001
-30.0000 4.2ee9 -0 .*828 -C.3176 6.0139 1 18.2970
-32.0000 3.e30* -0.3278 -1 .2871 0.7187 17.1600
-2*.3000 2.282* -0 .3967 C .3*97 -1.3280 1 3 . 60 3 5
-36.0000 I . 72 I 3 -0.66*6 1.30*8 -2.*173 13.7779
-38.0000 1-2002 -0.7272 • -C.613* -0.3*30 1 t.8373
-40.0 300 1.7293 -0.7830 -C.6811 -0.283* 9.9283
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3
- * 2 . 0 0 0 0 1 . 2 0 6 1 - 5 . 8 3 2 1
- * * . 0 0 0 0 C • 8 1 9  3 - 0 . 8 8 6 2- * 6 . 0  0 0 0 C . 2 * C 8 - 0 . 0 3 0 0
- * 6 . 0 0 0 0 - C . - 1 1 8 8 - 1 . 0 3 0 3
- 3 0 . 0 0 0 0 —  C . 2 3  I 5 - 1 . 0 6 3 *
- 3 2 . 0 0 0 0 - < • 0 * * 2 - 1 . 1 2 7 0
- 3 *  .0 0 3  0 -  1 . 2 * 0 6 - 1 . 1 7 2 2
- 3 6 . 0 0 0 0 -  I . 6 * * 6 - 1 - 2 1 0 *
- 3 6 . 0  0 0 0 - 1 . 0 * 3 3 - 1  . 2 6 0 3
- 6 0 . 0 0 0 0 - 1 . 2 7 0 1 -I - 2 2 3 0
- 6 2 . 0 0 0 0 - 1 . 8 6 2 0 - 1  . 3 6 * 6
- 6 * . 0 0 0 0 - 2 . 1 3 3 0 - 1 - * 0 2 3
- 6 6 . 0 0 0 0 - 2 . * 0 0 6 - 1. * * 6 2
- 6 6 . 0 0 0 0 - 2 . 6 7 7 3 - I . * 0 6 6
- 7 0 . 0 0 0 0 - * . 2 2 2 3 -1 . 3 3 3 *
- 7 2 . 0 0 0 0 - * . 8 * 0 6 - 1 . 6 2 2 3
— 7 * . 0 0 0 0 - 2 .**12 - 1 . 7 0 2 3
- 7 6 , 0 0 0 0 - 6 . 1 * 0 1 - 1 . 7 0 * 3
- 7 » » 0  0 0  0 - 6 . 0 3 8 3 - 1. 0 0 2 2
■— 6 0 . 0 0 0 0 - • - 7 . 0 1  2 2 - 2 . 0 2 8 7
- 6 2 . 0 0 0 0 - 9 . C 2 2 1 - 2 . 1 7 7 *
- 6 * . 0 0 0 0 - i c . 2 2 e * - 2 . 3 3 3 *
- 6 6 . 0 0 0 0 - 1 C•0 * 6  * - 2 . * 3 1 3
- 6 8 . 0 0 0 0 - 1 1 . 7 2 6 * - 2 . 3 3 3 3
- 0 0 . 0  0 0 0 -  1 1 . 3 7  I * - 2 . 6 * 7 6
- 0 2 . 0 0 0 0 - 1 2 . * 8 2 2 - 2 . 7 6 0 0
- 9 * . 3 0 0 0 —  1 * . * 6 0 7 - 2 . 9 0 0 3
- 0 6 . 0  0 0  0 - 1 : . i 3 7 7 - 2 . 0 * 2 6
- 0 8 . 0 0 0 0 - 1 4 . 6 0 * 3 - 3 . 1 0 6 7
- I  0 0 . 0 0 0 0 - i 7 . o * e 2 - 3 . 3 6 3 6
- 1 0 2 . O O C O -  1 0 . 2 0  7 6 - 3  . 3 * * 7
- 1 C * . O O C O - 2  C. 0 6  7 6 - 3 . 7 6 6 5
- 1  0 6 . 0  3 0 0 - 2 2 . 2 0 6 6 - * . 0 6 3 0
- 1 0 8 . 0 0 0 0 - 2 * . 7 0 1 2 - * . 3 0 6 1
- 1 1 0 . 0  0 0 0 - 2 4 . 5 0 8 8 - * . 7 7 0 0
- 1 1 2 . 0 0 0 0 - 2 1 . 6 7 3 3 - 3 . 1 0 1 *
—  IJL6 •  0 0 0 0 - 2 4 .2**8 - 5 . 6 6 7 2
- I  1 6 . > 0 0 0 - 2 0 . 2ei 1 ' -6.2 0 * 0
- 1  1 8 . 0  3 0 0 - * * . * 1 7 6 - 6 . 8 3 0 2
- 1 2 0 . 0 0 0 0 - 3  C - 3 3 4 5 - 7 . 7 0 7 0
- 1 2 2 . 0 0 0 0 - 3  7 . 6 6 0 2 - 6 . 6 5 * 7-12*.0 0 0 0 - 6 5 . 0 1 0 0 - 0 . 7 3 * 1
- 1 2 6 . 0 0 0 0 - 7 5 . 2 1 0 * -  1 1 . 0 0 3 *
- 1 2 8 - 0 0 0 0 — 5 6 • 2 1 e 3 - 1 2 . * 3 0 1
STATEMENTS sxecuTec- 20*4354










- 2 3  
- 2 7  
-22 
-2C -45* — * ■*
- 7 *-ee 
-1 02
.7991 
. * 7 3 2  
.6 69* 
.36** 
. 7 3 0 2  
. 0 0 3 6  
. 6 2 3 0  
. 0 3 2 6  
. 3 1 2 *  
. 0 - 7 0 0  
. 3 6 3 0  
- I 201 
. 0 6 6 0  
. * 6 3 0  
. 0 8 7 2  
.011 I 
. 3 0 3 6  
. * 6 * 3  
. 3 6 0 *  
. * 6 1 3  
. 1 1 6 6  
. 0 6 0 *  
. 0 3 0 1  
■ 3 6 6 2  
. 0 6 6 3  
. 7 6 6 3  
. * 2 1 6  
. 6 3 1 2  
• 3120 
. 1 * 6 3  
. 6 0 3 1  
. 3 * 0 2  
. 0 0 3 *  
. 2 2 6 6  
.6*1 0 
. * 2 1 5 -  
. 3 3 8 3  
. 6 7 * *  
.1 6 6 0  
. 2 7 6 *  
. 6 3 * 0  
. 6 6 6 0  
. 0 3 3 8  
.6  666
- 0 . 1 7 0 2  
0.2*21 
-0 .6620 
- 0 . 0 * 2 8  
- 0 . 6 6 1 0  
1 . 3 0 0 1  
7 . 0 7 7 6  
- 0 . 2 3 0 6  -0.*531 
- 0 . 3 2 6 1  
- 0 . 1 3 3 2  
0 . * 0  3 0  
0 . 0 6 0 *  
0 . 2 6 6 6  
0 . *6 76 
0 . 6 3 * 0  
0 . 7 6 8 1  
0.2100 
— 0  . * 7  1 0  
- 0 . 5 6  2*  
- 0 . 0 7 2 6  
0 .11 S3 
- 0 . * 3 1 9  
-6.**6* 
- 0 . 3 3 2 9  
1 . 3 0  1 1 
- 0 . 3 5 6 9  
0 . 0 6 3 0  
0 . 2 8 3 6  
0 . 5 6 * 0
0  . 0 7 0 0  
0 . 3 2 7 6
- 0  . 3 8 3 2  
- 0 . 8 2 * 3  
- 0 . 3 7 1 5  
- 0 . 0 0  3 0
1 . 1761 
0.7636
- 0 . * 3 2 1  
- 1  . 7 * 6 5  
1 . 0 7 3 8  -1.2176 
- 1 . 6 0 0 2  
0 . 7 6 0 *
3 1 A C N O S T  I C S  
c c x p i l :  t i » « .
6 7 8 *  3 y t e s . a g r a y  a r e a -  
NUM6ER 06 ERRORS*
6016 3YTES 3YTES 
C .  M J M S e R  C P  * A R * I k j G S *  i 3
c.oo sec.e*ecuTicN 2 1 2 .oo sec. 2 3 .  3 3 .  * 3 .  *  T P  t v
•*
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Sample Ingot 2b r'
Metal Chemistry C 3.S6 <., Si 2.70 3. O.r. 1)..76 *, 
Mn 0.52 f.. Cr 0.12 *. Cu 0.07 f* 
Ai 0.020 f.. Mg 0.026 f., S 0.006
XII)
1 6 . 0 0 0 0
14.0000 
\ - 2 - C 3 0 G10.0000 
s.oooo
6  .0 C O O  
4.0000
Y( I ) 
* 1 .0031 






4 .43832.2256 ; 
I.2130 ’ 
O .4630 




- 7 5 0 . 7 4 0 0  
1 8 - 9 2 6 2  
6.0344
3 . 6 3 1 S  
W  C i 6 8 7 3  
- 2 . 0 4 0 1  
- 1 . 3 7 2 3
C(CvCN)
■ - o - i o o o
- C . 0 0 7 3  
0 . 2 7 3 7  
0 . 1 3 0 7  
0 . 0 1 3 3  
0 . 0 3 6 2  
O . 1 6 3 6





2.0000 : . 0 2 2 9 - 1 . 0 1 1 9 -1 .01 5 0
o . o o o o l . OCCO - I .3 8 3 0 - 1 . 0 9 4 6
- 2.0000 1 . 4 7 6 3 - C . 9 7 3 S - 0 . 8 3 3 6
- 4 . 0 0 0 0 1.9 5 2 9 - 0 . 8 9 2 2 - 0 . 0 9 7 6
- 6 . 0 0 0 0 I . 3 2 3 4 -0 . 8 0 4 5 - 4 1 .8963
- 8 . 0 0 0 0 2.4 140 - 0  .0842- 0 . 6 2 7 1
- 1 0 . 0 0 0 0 4 . 0 C C 5 - 0  .5241 1 . 0 3 9 8
- 1 2 . 0 0 0 0 5.6 1 2 6 - 0 . 3 8 1 3 1 . 3 3 2 4
- 1 4 . 0 0 0 0 6.29 7 1 - 0  . 2 0 7 3 1 .471 3
- 1 6 . 0 0 0 0 6 . 9 7 2 0 - 0 . 1 3 1 4 1. 2 3 4 0
- 1 3 . 0 0 0 0 7 . 2 6 6 0 - 0 . 1 3 2 9 I .0 0 3 9
- 2 0 . 0 0 0 0 7 . 2 4 1 0 - 0 . 1 2 6 9 1 .0432
- 2 2 . 0 0 0 0 7 . 1 7 0 0 -0 . 1 232 C . 0 3 6 O
- 2 4 . 0  00 0 7 . 2 9 2 3 - 0 . I 0 6 0 1 . 1 0 3 3
- 2 6 . 0 5 0 0 7 . 2 1 8 6 - 0 . 1 0 9 9 1.0000
- 2 8 . 0 0 0 0 6.95 4 6 - 0 . 1 3 9 0 X - 2  .4307 
.0208- 3 0 . C 300 6 . 3 2 1 9 -0 . 1906
- 3 2 . 0 0 0 0 5.9529,
5 . 2 5 3 0
- 0 . 2 6 0 2 - C V 2 1 3 7
- 3 4 . 0 0 0 0 T O . 3 4 2 5 - 0 . 7 7 6 9
- 3 0 . 0 0 0 0 4.4443 - 0 . 4 4  79 - 1 . 9 1 7 4
- 3 8 . 0 0 0 0 2 . 3 0 7 1 - 0 . 3 6 4 8 - 3 . 0 8 0 1
- 4 0 . 0 0 0 0 2 . 6 7 3 8 - 0 . 6 6 7 3 - 3 . 8 0 1 9
- 4 2 . 0 0 0 0 1 . 8 2 7 0  . -0  . 7 7 0 6 - 1 . 3 5 3 4
— 4 4 . 0  00 0 l . e c c o  * - 0  . 8 6 0 7 - 1 . 8 0 1 3
- 4 0 . 0  0 0 0 c . c c c c -1 .so o o - 2 . 9 3 2 3
- 4 8 . 0  300 - C . 2 962 -1 . 0 0 4 3 1 .130 I
- 3 0 . 0  0 0 0 - C . 6 1 C 1 - 1 . 0 9 1 2 - C . 7 0 4 1
0. 1406 
0 . 4 1 6 0
1 .4064 
0.44t 4
42.39600 . 20 0 3 
7.2233 
0.0800 




0.04 1 1 
-0.2214
2 .39 4 0
C.0 343 -0.I 37’ 0.0380 






0 . 0 0 7 6  
1 . 1 1 3 1  





2 1 . 8 3 0 0  
2 4 . 1429 
2 3 . 8 2 0 0
2 6 . 7 4 7 3  
2 6 . 8 3 7 3  
2 6 . 1 3 6 0  
2 4 . 7 1 9 9  
2 2 . 0 6 7 1  
1 8 . 4 9 1 0  
1 4 . 9 8 3 4  
1 0 . 9 3 6  0 
6 . 3 6 7 2  
0 . 7 0 0 3  - I . 1' 81 I 
- 3 . 3 0 4  4
Ck8
m
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*
s
“—22*0000 1.123J -0.8522 3.332* 0 . 60 1 1 8 . 50 2 7-3*.0000 -1.1460 -1 . 1503 -8.7246 0.6909 : -7.3648-30.0000 -1.3120 -1. 1942 -3 .9093 2.3980 I -10.3875-33*OOCO - 1.7609 -1.2230 —C .9093 -0.25*2 - 1 2 . 9 1 46-*0.0000 -I.9545 -1.249* —O .67*1 -0.33*5 -I 4.9313-02.7000 iai7 -t.2762 -C.9969 -0.1999 -17.3292-*■4*0000 .-5 # 4*90 -1.3124 - 1 .991 * 0 .360 6 -20.190 7-66.0 00 0 -2.76*7 - 1.3321 -2.0627 0.3*60 -23.6199-66.0000 -2.12*7 - 1.4013 -2.1306 0.0673 -27.7*67-70.C009 -1.459* -2.6233 0.1318 ; -32.7336-72.0000 ' -4.1148 -1.5286 -3.51*0 0.4661 • » -38.7635-?*.ocoo -4.7514 -1.6122 -4 .*397 0.7719 1 -*6.160 9-76.0000 -3.2176 -2.7129 -3.**77 0.9337 -55.1837-78.0000 “ € .4*37 - 1 .8349 -8 .6100 0.0606 -66.2873-60.0000 - 7.36 7 C -I .982* -e .3004 -0.3321 -79.9923-62.0 000 -£.9032 -2. 16*7 -7.922 3 -0.5781 -96.9911•64,0000 -1C.C9C* -2.317* -7.5603 -0.0796 -112.2713— 66.C 00 0 -ic.i47e -2.4182 -3.6241 -0.0629 ! -123.6*3*— 66.0000 -1 1.6713 / -2.3278 -3.8*15 -0.4337 i -136.2003-00 .c ooo -12.3670^0-— r 2.647’ -6.3111 -0 .6222 -150.0670-*92.0000 -13.24*0 3 ?.7775 -7.9850 0.3236 -163.3897— 9*.0 00 0 -I *.607^ >-^2. 91 86 -7 .97*2 -0.4962 -132.3306-96 .C 00 0 -12.7677 / -3-0731 -9 .*366 0 .066* -201.07 15. -oo.roco -17.C33S ( -3.2*16 -1C .5275 0. 1370 -221.8130-1 CO.0000 •16.4X36 -3.4237 -11 .7376 0.2727 , -2*4.782 *-i02.o :qq -I 9.9263 -3.6269 -13.4063 0.6832 -270.2327-104**0 000 -£ 1.3781 -2.5469 -13.1369 1.029* i -298.4*73-I 06.0 300 -23.2974 -*.0892 -13.4398 -0.2912 -329.9094-106.0 00 0 -22.2924 -* .233* - 18 .9653 -0.5377 1 -364.9158-110.0000 -2 7 .3869 -*.64 7* -18 .7698 -0.6851 -*03.*259-1 12.0 3C0 -29.9926 -*.96 79 -21 .1962 -0.44 18 -4*7. 101 5-I 14.0000 -22.73C9 -5 .339* -<6 .6639 1 .4622 -497.*73I-116.C3C0 •22.9633 -3 .8972 -27 .4629 0.7308 r -570.9750*-116.0 000 -4 1.7767 -6.5376 -42 .3702 -0-37*6 -656.4683-120.0000 -4 7.206 1 -7.27*3 / -*7.7*02 -2.0386 j -756.066 2-122.0000 -32.6923 -6.1319 \ -6 1.3162 1 .44 t * -373.8159-124.0000 -02.1677 -9.3902 -32.5225 -1.*632 -10*3.8270-126.0000 -7«.3C96 - tC .8721 /  -1CC.C69* -1.7638 -12*7.49*0-120.0000 -62. C717 -12.3063 y S  — 1C 2 .3072 0.773© -1*50.9510
STATCMtNlS £ x SCXISG* 182*4 7 4 |
costs USAGS CSJCCT C006« 18784 37T«s %>cn*r a R£a * 3016 S7TCSI 3YTSS
01 AGNOSTICS NUW54Q o p eooQPs* c. NUHSC9 Qp »AQHtNG5-“ 1 0
CCm PILS t i m e - c.94 sec .execuTicN rz»£m 199.62 sec. 1 .38 . 3 :«A TP 1 V - MAP
C3£C>r
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r
Sanplo Ingot 2$
ta.1 Chaaistry - C ^.02
Ai 0.020. f.. Mg 0.033 5. S 0.006 *.
x l : j 
20.0000 
1 0 . 0 0 0 0  
1&.30Q0 1».0000 
12.0 000 
1 0 . 0 0 0 0  
a . o o o o












1 -*3«<; 0.6207 
0.030*
C (COO) -729.6000 
29 .*<36* 
19 .301 6 


















6 . 0 00 0 ♦ aOOO'J 
2 . 3 00 o 
o . o o c o  
- 2 . 0 0 0 0  -4.0000 
- 6.0000  
- a . o o o o  
- 1 0 . 0 0 0 0  
-  1 2 . 0 0 0 0  
- 1A.000Q
- 16.C 00 0
- i a . o o o o  
- 20.0000 
- 22.0000
- 24.C 000 
-26.0000
- 25.OOOO -30.0 000 
-32.0000 
— 3*.OOOO -36.0000 
- 3 a . o o o o  
— *0.0000 
- * 2.0000 
-**.C 00 0 
-*6.0 300
< . 1920 
2 .*023 
1 . 3 1 06 1 .0003 
1 •OOOQ 
J.OOOO 
1.0000 1.cooo 1 - cooo 1 .coco
1 .COCO 1 .coco 1 .cooo 1 .cooo I .cooo 1 •coco 1 .ccco1 .CCQO 











-0 .3667 -0.0667 -0.0667 
-0 .0667 












— 2 .017* 
-1.6131 -C .671 5 
-1.9783 C .3713 
0.07*6 







C . 1 3*0 
C.0l*0 C .I 30 7 
C .0 7*0 
C .0636 C.**9* 





C .00 19 -0.0767 
-0. 1*71 
; .* 17; 
-0.1C68 0.0737 









-0.0173 0.0383 0.0677 
-0.3161 







I • 1308 
0.0053 0.9376 1 .23* 1 








*.*33* *. 702 1 
*.9667 
5.2332







Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
*
i
-*6.C 000 c.cccc -t.0000-30,0000 -C.6313 -1 .093*-32,0 000 - 1.2180 -1.1387— 3*.C 00 0 -1.7662 -1.2274-36,0000 — 5.2*16 -1.2644-36,0000 - 2 • 7C3 2 - 1.3*34-60.0000 -2.2007 -I .*2C0-62.0000 -*♦0473 -1.3168-6^*000 0 -4.4622 - 1 .3747
-66.0000 -4.^032 -1 .6*13—66.0000 -1 . 2797 - 1 . 7 I 62-70.0000 — £.2333 -1 .60 75- 7 2 .OOOO -7.C366 - I .9110-7a .OOOO - 7.9467 -2.031 4-76-0000 -<.<c93 -2.1718-78.0000 -S. 7:63 -2.2633-80.0000 - 1C.4621 -2.3632-62.0000 — 11.27 63 -2.*73*— 6*.0000 - 1 2 .1622 -2.3913-66.0000 -12.1230 -2 .7199
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Xetxl Ch.aistry - C 4.: 4 Si 2.52 *. C*£. 4.98 JC, 
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Saapl« Ingoz 27
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Saapl. Ingot 3**- *
KetaJL Chemistry - C 3-90 Si 2.75 2. C.2. ^-32 *. 
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- 1 .1 179 -1 .3615 -0.4115 -4*5696- I •1504 -2.9849 0.6923 -7.1552-1*2236 -2.5535 0.60 77 -1 I.7468-1*2468 0 .543 4 -1.7743 -12.9146— 1*2710 -0.6229 -0.2681 -14.6966-1.2967 -0.6096 -0.224* -I 6. 7645-1.3263 -3.9372 -0.2566 -19*1713-1 .3607 - I .2230 -0.1831 -21.9841-I .4003 -1 .5973 -0.0507 -25.2795-1 .4469 -2 . 654 0.228* -29.1536-1 .5500 -2 .5341 0.2494 -33.7229- 1 .5640 -3.3659 0.6623 - 3 9 . 1 3C I-1 .6373 -4 .11:2 0.90 1 3 -4 5.549 6- 1 .7246 -4.2124 0.3899 -53.1970-1 .3266 -4 .7821 0.2124 -62.3363-I.9473 -5.0519 -0.4281 -73.2960-2.0*03 -6 .0944 -0.4994 -86.4836-2.2603 -7 .8756 -0 .0820 -132.4062-2.4632 -10.1 564 0.5100 -12 1 .6973-2*6244 -7.7353 -0.5513 -135.2705-2 .7374 -6.4526 -0.3622 -15 1.3018-2 .6587 -7.3867 -C.018S -165.5117-2 .0668 -9.4715 1.7 231 -181.0037-3.128 5 -7 .9256 -0 .5212 - 19 7.9083-3.2736 -5 .4754 -S.7363 -SI*.3387-3.4399 -9 .9717 -0.0788 -Z36. *39-3-3.6130 - 11 .295l 0.3366 -235.3616-3 .7902 -12.7764 0 .3202 -232.2737-3 .0994 -12.4695 0.4280 [— .-30 5. 337*-4.2146 -13.7942 -0.4328 (9-336. 811 8-4 .4462 -14.7223 -0.7990 -367.83*5-4.7272 - 18.9653 0.30 6 1 -*03.1736-3 .0546 -23 .3754 -C .0539 -*32-0373-5 • 43 09 -27.5027 1.13 11 -30*.661 *-5.0206 -29.8355 0•2448 -36 3.6630-6.4090 -22 .3555 -0.9377 -630.**05-7 .0989 -42.7199 -1.3648 -72 : .6 139-7 .9717 -60.5915 1.4721 -839.836*—9 .0Q"3 -6e .6905 -1.1106 —079.*6C*- 1C .2322 -5 1 .0831 - 1 .4909 - 1 I **.6030- 1 1 .7430
I
-107.5236 1.3502 -1337.5350
C« 18784 S f T C S . A O B A Y  4 R « A J r 5016 37TE 3fT3S
* ®PRC°3-" C. nu*9£Q Cf *APNlNGS- 0
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Saaple Ingot 35
M«tai Cheaistry*- C ^.01 £, Si 2,66 % t C, -. k.89 
Mn 0.67 *. Cr 0.09 %. Cu 0,05 *. 
A1 0.020 35, Mg 0.021 #, S 0.005 It.
<< I >20.0 300
1 a .3 sot
Z6*C 3C0u.oooo
12.33CC
1 0 . 0 0 0 0
I >♦2.3237 
sc.2251 2 C*5301 
1 2. 6 795 
' S* 03 12 t.9595
P < I ) 
* .62',<? 2.Q208 1.6119 Q.0782 C.0313 
-0.3603









- e . o t i *
r~I Su m (Cl1> J' -67.9387
-30.6232 
-6.0638 7.8222 I♦.C233 
3.8823
3.00006.0 000 
x 4.07002.0 300 0.0 70S -2.0000 
-4.0000 
- 6 .0000 
- 8.0 000 -10.0 300 -12.0000 -14.0000- 16.0 0 0 0




- 30.0 700 
-32.C COO 
-34.0000 -36.0 700 
-38.0 700 -40.0000 -42.0000— 4 4. 7000 
-46.0000
4.0264 < • 94*3 









2 . 7 6 *  2 
2 . 5 3 2 9  I.2499
2.C3161 . 6 4 2 4  
1.2026 C.7929 
~.3485 -C. U  99 
-0.6733 - 1. 221 0- 1. 7566
- I . 22 7 2
-0 * 6 130 
- 2.7773 -0 *39 1 C 
-0 .9240 
-1 .3856 -0.9264 
-0 .8935 
- 0 . 8 6 15 -0 .8243 
- 0. 7 3 1 2  
-0.7*32 
- 0.7129 -0.6990 
.6723-O.6674-O .6765-C .6943
-0.71OO 
.7483 —C .79 7 4 
-0 . 8 4 5 *  
-0 .5374 





- 1 . 8 9 3 8  -1 .000 3 -0.3227 
—C .2320 
- C  . 7 5 4 7  
I . 2 3 5 3
0 .  1 1 2 4
0.1912 
C .3342 
C . * 3 1 4 
0 .362 t 
3.3653 
0 . 3 4 5 9  
0.31 13 
-0.2951 
0 . 2 1 6 " *  
0.0 123 
-0.0290 
-C .1 136 
-0.7413 
5.7005 C * 1751 -t.5591 
-C.7053 -I .187* 





-C . 1295 
0.258*
- 0 . 7 3 7 4
C . 1 14 6  
? . 0 8 4 3  0.0316 
- 0 .0 I c 4 
7.1396 
0 . 1 4 0  1 
C .1587 
0 • * 6 2  7 
0.6733-o.o:*6
0.0032 
-0.332, -'■> .3763 
3.1380 
-<>.*216 
- 0  .<5*32 C .0356 
-0.4.1 1« 
-'I . 3373 
-3.1213 1 .00 73 -0.377 1
! 5 . 1 *<5 <5
I 3.08031 1.823 0; C.,,,7
0.306, 






8. * 1 0 1  8 . 8 32 7
1 8.,8*8
| 8.8610
a . * s i t  
; 7 .2 7 * 0
3.6319 *.2,3 8 2.38,2 0.1*87 
- 2.,002 -6.1,26 -9.7770 
-12.932*
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— A S • 0  3 0  * - 2 . 6 7 6 C -1 . 3 3 6 1
- 5 0 - 3  1 0 0 - 2 . 2 5 5 * ’ - 1 . * 1 0 1
—  5 2 • 0  0 0  C - C 3 8 2 - 1 . 5 0 7 3- 5 a - 3 0 0 0 - a . 2 6 6 6 - 1 . 5 5 * 5
- 5 6 . 3  3 0 0 - 4 . 7 6 C A - 1 . 6 0 7 3
- 5 0 - 0 3 0 0 - 1 . 2 1 9 7 - I  . 6 6 7 0
- 6 0 . 0 9 0 0 - 2 . 7 2 7 3 - 1 . 7 3 * !
- 6 2 . 3 0 0  3 - 6 . 2 9 9 a - 1 . 6 0 9 7
- 6 A . C  13 0 - 1 . 9 * 5 1 - 1 . 6 9 5 2
- 6 6 . 3 O C 0 -  7 . 6 7 5 3 - 1 . 9 9 1 9
- 6 6 . 0  3 0 0 - 1 . 5 0 2 7 - 2 . 1 0 1 6
- 7 0 . 0  3 0 3 ^ - 9 . 2 5 7 * - 2  * 2 0 1 9
-*72.0 0 0  0 - 9 . 3 2 1 6 - 2 . 2 7 3 3
- 7 a . O O O O —  1 C . * A  0 0 - 2  . 3 5 9 7
- 7 6 . 0 0 0 0 *-1 1 . 0 8 3 6 - 2 . A A 5 3
- 7 8 . 3 0 0 0 -1 I . 7 6 * 6 - 2  . 5 3 6 *
- 5 0 . 0 0 3 0 - 1 2 . * 1 5 * - 2 . 6 3 2 5
- 8 2 . 0 3 0 0 -t 3 . 2 * 7 7 - 2 . 7 3 * 2— 8 a . 0 3 0 0 - I * . 0 5 3 9 - 2  .a a 17
- 5 6 . 0 0 0 0 - 1 A . O C 6 * - 2  . 9 3 3 *
— 5 6 3 0 0 -I  S . 6 C 7 7 - 3 . 0 7 3 6
- « C .3 3 0 C - 1 6 . 7 6 0 2 - 3 . 2 0 2 7
- 9 2 . 0  3 0 0 -1 7. 7 6 6  9 - 3 . 3 3 7 0
- 9 4 . 0  0 0 0 -I 5 * 6 3 0 * - 3  . * 7 5 6
- 9 6 . 3  0 0 0 - 2 C . C 2 5 6 - 3  . 6 3 8 3
- 9 6 . 0  0 0 0 - 2  1 - 3 2 0 3 - 3 . 3 1 0 8
- 1 O C . O  0 3 0 - 2 2 . 1 9 6 5 — 3 ♦ 9 9 4 2- 1 0 2 . C 33 C - 2 4 . 1 6 1 V -a . 1 3 9 5
- 1 C A . 3 0 0 0 - 2 5 . 7 2 0 2 -a  * 3 9 7 *
—  1 0 6  • 0 O C  0 - 2 7 . 2 3 0 2 - a  . 6 1 6 7
- 1 0 6 . 0  3 0 0 - 2 9 . 1 7 3 6 - a . 8 5 7 8
- I  1 0 . 0 0 0 0 - 3  1 . 1 1 2 3 - 5  - 1 5 2 6
- I 1 2 . 0 3 C 0 - 3 4 . 2 7 6 3 - 5 . 5 3 3 0
- 1 1 4 . 0 0 0 0 - 3 7 . 1 9 2 2 - 5 . 9 2 * 3
- I  1 6 . 0 0 0 0 - * C . 2 8 0 2 - 6 . 3 5 1 2
- I  1 6 - 3 3 3 0 - * 2 . 6 7 0 1 - 6 . 6 1 6 3
- 1 2 0 . 2 0 0 0 -a 6 . * 8 9 2 - 7  . * 3 1 3
—  1 2 2 . 0  C O O - 5 2 . 7 1 3 9 - 5 .  1 2 S 0
- 1 2 4 . 3 0 0 C - 5 9 . 5 7 3 2 - 8 . 9 0 9 1
—  1 2 6 • 3  O C  0 -6  1 . 1 5 7 6 - 9 „ 7 8 6 3
s t a t e m e n t s £ * £ C u : e c »  1 * 9 6 5 9 5
-1 .7923 0.0607
-1.7650 -0.5209-3.5735 C .5323
-A  .995 5 3.1730-1.7853 • -0 129 56-1.9516 -0.*260* -2.*196 -0.30 36-2.9651 -0.1617-3.6659 C .0723-* . 1922 0 .03*7
-5.2160 0.4*39-5 .2665 0 . 6  321- a  .9603 0.9900-*.5216 0.2113
- a  .2002 -C .*522-A  .*537 -0.5653-5.166* -0.2*29
-6.0132 0.1521-5.7963 —0 « *616-6.537: -0.223*-7.0772 -0.1966-9 .07*9 1 .2329-e .6612 0.4535-6.6732 -0 .3395-1 C .2899 0.112*- I 1 .*323 0.3207
-12 .7930 0 .7605
- 13 .2093 0.2234-13.*123 —C .6170- I a .2195 -C .9357-16.2739 -*.2837-21.78*3 0.0100-23.5*08 1.*26*-27 .2759 7.3612-23 .6959 -0.9106-31.6365 -1.1953-*3.7*32 0.9*92
-*8.33*5 -0.6189
- 5 *  .36*5 - I .2*33-63.9*67 0.7196
qoftff JS *GE 
oiagnostres 
C3*o!;.£ r;
oo- iecf" cp o e*  i«7B<
n u  '4 R £  P Z P  2 P P Q P S *
C.92 sec ■xecuticn r
37tS5»ACP*r apsam 
Z . NUM8C3 3F
:*«€■ 202 . a i  sec.
30 16 8YT83 
r a  ON I  n  G S ■ [




-30 -3 a 
— 39 -AS 
-S 1
- s a  -66 
-7 6-as
-9 3 
-102 -u l 
-12 1 -132
— 1*4.
-1S6 -170 -ISA -20 0 -21 7
— 23 3 
-25S -277 
-30 1 -327 -233 
-306
— a i 9 
-*62 -51 1— 56 a
-623 -669 
-77* 
-072. -9<J *. -1110,












.601 0 .*2*2 
.0066
► 6*7 0 








► 1 060 
► 310 10309 
C337 
,SI3a 
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cseop
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sample Ingot 36
Reproduced with
Metal Chemistry - C it.Ofc f.. Si 2.51 S, C.z. i.38 jC, 
Mn O.65 %, Cr O.i: H, Cu 0.05 !C. 
Al 0.015 S. M g '0.021 %. S 0.006 f..
x (: > 7 C I 1 9111 C (ODD) CtEvEN) Syv (c { n  >20.3 00 0 A t.5074 4.4949 -744.3003 -0.2458 : -65.4398
10-3000 25.0599 2.5666 15.2036 -0.2257 ! -29.3037
16-0000 20.2950 1.3731 12 .0097 0-0139 -3.456814.0 000 12-6272 0.6 978 6.2929 0-2150 ! 7.3388
12.3 300 5.5767 0.0312 2.0735 0-2033 I*.122610.3 300 5.5643 -0.4063 -1.5739 -0.0079 8.3389
5-0 30 0 2.5092 -0.6419 - 1.7306 0.0231 4.9039
6-C 30 0 2.723 1 -0.7879 —C.9372 <rO. 0262 2.9772
a .OOOO 1-5129 -0.8933 —C.3204 -0-1 111 I t . 71 4 2
2.0000 I.1604 -0-9t69 -0.2423 -0-1163 0.99200-0 000 I.0000 -I.3656 -0.7373 0.2461 1 0.0093
-2-3000 1.2321 -0.9276 I .3655 —1-8666 1 1-0073—a -3 00 0 1.4060 -0.8941 C.1120 0 .ri74 1.4O60
-6.0 30 0 1.6161 -0.8612 0.1666 0.0866 2.0163
-S.OOUO I.9006 -0.8236 0.3393 3.0305 2.7360
-10.3000 2.2325 -0.7793 C.3246 -0.0462 3.7127
-12.000 3 2.29C9 -0.7306 0.4323 O.lSSl j 4.8873
- 1*.oooo 2.6961 -0.6865 0.4530 0.1489 6.1551-16.0000 2-1990 -0.6433 0.3259 • 0.1827 7.5724
-15.0 300 2-4645 -0.6021 -0.3509 1.3506 9.1121-20.0300 3.7a 32 -0.5643 G.8542 -0.0716 10.7371
-22.0000 ,2.5233 -0.3492 0.6071 0.0051 11.9613-2*.OOOO 2.55 16 -0 .5763 c.oioe 0.0761 I 2.1353-26.0300 2.2130 -0.6154 —0-0069 -0-0646 I 1 .3678-2S.OOCO 2.7664 -0 .6666 -0.2632 -0.1a 24 11.0563-30.0 00 0 2 .2642 -0.7250 -C.7189 0.0 756 9.7698
-32.0300 1 .78 54 -0.7799 -«.3916 5.66V t 8-3244
-3*. 0 30 0 1.2321 -0-8308 0.3322 -I.1236 6.7411
-36.3300 c.e;oi -0.5821 -i . 1 U  4 I . 1319 4.7822-25.3003 0.2652 -0.9243 -0.7052 -0.39S8 2.3801
- A O .030 0 .-0.1449 — I .O60 5 -C.9711 -0.3326 -0.0273
— 42.0 300 -0.7589 -I .1077 -1 .6023 . -0.1579 . -3.5*73
- A A . 3000 - 1 .2729 -I .1735 -2 .6334 0.*7312 1 -7.3324
-46.0 300 -I .9037 -I .2400 - 1.2601 -0.3549 — 10.9825-46.0000 -2 . -*093 -1.3027 -1.8319 -0.0120 -1 4.7303-SO.3000 -3.0959 -1 .3903 -5.0535 .-0.8635 -19.9449
-52.0 303 -3.6169 - 1.4374 -2 .9762 0.7624 -2a .3723-34.0300 -2.8634 - 1 .489 7 .14.4609 - 15.8231 -27.0970-56.3 00 0 -4.1292 - 1-5249 -1.2244 -0.2623 -30.1U  3-55.3000 -4.41»7 -1.5632 • -1.2389 -0.3801 -33.449*
-60.0 00 0 -4.7339 -1.6049 - 1.5738 -0.2756 -37.I486
-62.3003 —5.0777 -1.6504 -1.5847 - — 0.1666 -*1.2310-64 . 0 30 0 -*.4325 -1-7001 -2.3617 0.0849 -43.60*6
-66.3030 -5.5625 ’ -1-7345 -2.3949 0-0658 -50.8623
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-ft.0 I 05 -6.2CC7 
-7.2276 
-7.9263 
— 8 .3723 -9.2616 
-I 0 .C62Q 
- J0-9206- I 1.6ft t 4 
-12.6043 -13.6567
- 1«.*692 -t5-5*€3 
-16.5926




-1.9502-2 -025C -2.1IC2 















— 5.4793 -ft -3A3c 
—  ft-2C9 7 
-9.313J -10.33̂ 0
0.C690 
0 . 6 9 7 o  
1.021 0 0.31o1 
“0 - C O 9 0  
- 0 . 3 3 9 9  
- 0 . 2 8 7 1  
0 . 2 1 9 3  -0.C360 
- 0 . 2 3 8 1  
- 0 . 2 3 7 0  1 . 1843 
0 . 4 0 8 9  -0.3604 
0 . 1 2 6 6  
0 . 3 2 9 7










4 6 5 6  7422 
7083 
471 0 >266 
791 7 
3 6 3 9  6539 
1 6 o  6  0 724 486 1 
0739 
9 4 4 9  
204Q9776
3963
• I 00. •102-
• I 04 ,- I 06. -108. 
-110. 
-112.- 114.- I 16. 
-116.- 120. -122. -12c. -126.
OOOO
oooo0 JOO
oooo oooo oooo oooo 







-26- 1630 -40.2846 






-4.31tI -4.6236 —4.974 I 
-5-3606 




-1 1 .8775 -12.41ia 
-12 .3866 




-6 1-240 1 






-0.3636 -0.1469 1.4527 
0.5941 





STATEMENTS EXCCUTeCJ* 1 ft9 6 3 6 8
c o a t  U S A G E  C H - t C C T  C O O C «  t a * 3 2  3 Y T £ S . A G P A Y  A P E A *
diagnostics suMaea op e««Q»s» o. numse* cf
CCNP1LE TX*e * C-S? JEC.EXECUTION TtH€» 195.39 SEC*
l
— 26 8 
-292
,.-319 
-35 3 -39c 
-c39 
- 4 9  1 
-54 8 
-622 -724 
- 8 4 4  






. 4 9 7 3
. 2 738 
. 8 4 7 7  
. 1 7 3 0  
.9026
• 2329 
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Sanpl. Ingot 37
"N I
VMotil Chenistry - C 4.19 S, Si 2-35 C.z. 4.97 *.
Mr. 0.59 S. Cr 0.09 S. Cu 0.04 *,
A1 0.pz6 5. Mg 0.023 *. S 0.003 S.
x (I I 
22.0000 
20-0 OCO X8.00CO
' rt I > 
7C.3033 
»<; • oo39 
3«.<J170
at I) 5-3*37 
3.3339 
3.3333
CtOOO) -9C7 .0702 
23.316* 
22.*05 3




SUM(CJI> > -136.652 3 -56.*71 9 
-*1.7062
16*0 00 0 Z*.C829 2.1636 "12.257* 0.19232 *•3 00Q 17.3?66 1.173* 7.7339 0.231222.0 000 1X.CS*3 0.*331 * .631 1 -0.317810.0 300 7.2*20 —0.199* C.5370 -0.03063.3 300 *.277* -0.5697 -2.6073 -0.008*6.0 300 . 2.7060
Nj.«e*a>. 22 1 3
-0.7517 -1 .0719 -0. 1257* * 0000 -0.8012 -C .*766 -<♦.13032.0000 -0.03** -0 .2967 -0.13 57
O . C 00 0 1.cooo -1.3836 -C .6622 0.1779
-2.0000 1.2*06 -0.0387 C.7039 -0.1962-■*.0000 1.*605 -C.8062 0 .1300 0.1166-6.0000 1.6087 -0.6325 0.2389 0.0685-fl.o :oo X.1 -0 .6002 C .5763 -0.1202- 10 .OQCO 1.63*0 -0^7*05 ?.*236 0.16*9-12.0 0*0 2.02*6 -0 .68*3 0.3390 0.1259-1*.0000 2.*060 -0.6239 C.6323 0.1307-10.0000 2.7602 -C .-3T63 1.2562 —0 . *1 73-16.0000 *.09 I * -0.5292 t .5607 -0.6907






3.0393 I .8209 
1 .0161 0.007*
1 .0230 1.320 3 
2.1730 3.C371 
*.26*3 3.5939 7.1217 
3.3033 
10.383 2 I 2.389* 
1*.130 6 
I 3.7077 17.0 ** * 
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/V
-46.0000 -C.a s i O -1.0776-30.3000 T* 1 .0670 -1 .1410-32.3000 -1.6152 -I.2061-34.0300 -I.il65 -1.2666-36.3300 -1.8343 - I .3591-33.0 300 -3.2C06 -1.4065-60.OOOO - ’.4768 -1 .4426-■>2.3000 -2.7676 -1.48 33-6a .0 300 -«.1380 -1.5293-66.0003 -A.3336 -1.3613-68.3003 - a .9812 -1.6402-70.0033 — 3.AC86 -t.7072-3-2.3303 — 6.06A9 -1.7933-7a.,3000 -6.7207 -1.6700-76.0000 -7.A667 -I.9690-76.3000 -6.3236 -2.0622-30.3000 -9,2023 -2.2120—62.0000 - 1 C . 02 I 2 -2.3076-3A.3000 -1C.7079 -2 .2990-66.0300 -1 1.aa 71 -2.497a
—33.0000 -11.2431 -2 .6034-<30 .3000 -12.IC08 -2.7177-<92.3 300 -1 a. C2 53 -2.8406-9a ,3003 — 1 3. 0!a ( -2.9725-06.3000 -1C.C718 -3-1134-9a.oooo -I 7.21 1 A -3.2652-100.3000 -I{.4399 -3.4269-102.3 OC3 - 1 9.76A6 -3.6054-S OA.OOOO -Z1.1939 -3.7958-106.3000 -21.73e2 -4.00 I 4-106.3003 -24.AT 1 A -a .22 33-110.0000 -27.2192 -4.6114-112.3000 -2C.7061 -5.0631-1 S A .0000 -3A.6 266 -5.3849- I 16 .0000 —a C* 6668 -6.3893-1 ta.3300 -a 7. 71 76 -7.3253
-120.0003 -33.8754 -3.4152
-122.3000 -62.4298 -9.7145-12A.3033 -76.5329 -t I .'.637-126.3000 * — 24.1 964 -12.4555-126.0000 -9 7.27C3 -13.9315
STATEMENTS E x e c u t e s . 46362
cane jsaoe 0OJCCT co o e -  187'
O l A C ' O S T  ! C S NUMP55? OF 5»<5Q»S-»
- l .9332 0.0298 -2.2427-I.4294 -0.6333 -6.4119-2.8321 0.8105 -I 0.4933-3.7820 I.7326 -14.3342
-2.6716 -0.2760 -20.4492
-1.3733 -0.4 190 -24.0379-1.2699 -0.2609- '-27.0996-1.3707 -0.1767 -30.5944
-2.3430 0.3441 -- -34.3923-2.3687 0.0772 -39.1733-2.9041 0.3613 -44.4406-3.6244 0.5936 -30.532 1-4.3832 0.6663 -37.4933-a .680 3 0.6373 -63.3813-4.7373 0.0332 -74.9534
-4,9066 -0.3312 -83.6299-3 .7664 -0.3640 -96.490 9
-3.1663 0.0019 -133.8243-3.2319 7.0313 -119.1832-3.2207 -0.44 36 -130.3143-5.7349 -0.4608 -142.9038-6.2331 -0.3443 -136.4606-e.9327 1.5167 -17 1.292 6-7.6603 -0 .4052 -15 7.4238-6.8046 0.0331 -204.9632-9 .6612 0.2740 -224.1J77- 1 1 .0919 0.6086 -243.1044-12.4228 0.9375 -268.0344
-12.6923 0.1498 -293.1194-13.2613 -0.4617 -320.5664-14.1339 -0,8854 -330.6030-24.2899 -0.3336 -399.6362-29.1066 0 . 1a a a -437.7547-33.1106 1.240 7 -323.3242-52.0415 0.7220 -625.I 633-60 .2341 -0.6247 -749.9 20 9-70.0647 -I.5486 -69 3.1472-J7.7307 0.9590 - 1066.6900-97.6371 -0.9911 -126 3.9260-90.1220 -1 .->696 -144 7. 149 0106.7033 0.7288 - 1639.1040
S . 499 AY AO£4a
1
80 16 87 TES6 9YT5S
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Saaplsyir.got 38
Metal Chemistry - C3-9S *. Si 2.32 *. C.E. ^.75 *.
Mn 0.60 S. Cr 0.10 S, Cu 0.05 t .
Ai 0.015 0.018 S 0.00^ f..
* ( I )
32.0000
30.0 30 0 ze.cooo









4. 1 I 90 *.2371
o<: 13.970*
S.*7»*
3.3723 2.022* I .13** 











-0 . 13*6 
- 0.2066 
0.06 19 
-C .0668 0.3J70 
0.2063 O .2762 0.23*7
Syn t C tI) 1 -230.319 1 






12.0 300 1C.3000 
✓3 .3000
6.0 00 0 
* .0 030 2.3000 
0.0 300 
-2.3000 -*.330 0 
-6.0 30 0 
-6.0 300 
■ tf .3000- 12.3 000
- 14. 3 300 
-14.JOCO 
- 1 0 . 0 0 0 0  -20.0 300 


















C * 99*6 0.99*3 0.99*1 
C * 9938 C.9939 
C . 9 9*1 
C . 99** 
0 . 9 6 6 9  
0.60*3 C.64 1 7 0.*79 I
0.2163 0.1539 c.OOOO
-0.61 91 
-0 . 8 5 3 3  
- 0 . 3 6 1 6  
- 0 . 3 6 3 9  
- 0 . 9 6 5 0  
-0 . 3 6 7 9  
- n . 3 6 3 3  
-6 . 3 6 9 *  
- 1 . 3 8 5 6  
- 0 . 3  6 * 7  
- 0 . 66*0 
- 0  . 6 6 6 5  
- 0 . 6 6 6 7  
-0 . 6 6 6 3  -0. 9 6 6 9  -0.3670 
- 0 . 3 6 7 1 ,  
- 0 . 8 6 7 1  
- 0 . 9 6  72 
- 0 . 3 6  72 
- * . . 9 6  72 
- 9 . 9 6 9 8  
- n . 9 9 * 9  -0.3095 
- 0 . 9 1 2 9  
- 0 . 9 2 3 *  
- 0 . 9 2 6 1  -1 .0000
-2.233* -0.**16 
-0.123* -C .1674 







C .0621 C .0962 
0 .0332 
.C .0925 
— C .25*I 0 -051 3 
C.0333 0.077* 
* .0*25 
-0 .258 1 













0.0793 -0 .0*1 a 0.2*0* 
0.0703 




0.0555 0.0*22 0.11*0 
-0.0313 
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-*-.0 300 -C.S756 -1 .39^5 -y.t 30*-A2.0C00 - 1. 1220 -I.1*69 -2.5383-**.ooco - 1.6685 -1.21“5 -1.715*-*6-0 >00 -3-21*9 -1,2779 ^ -2 .0320-*8*0 300 -2.6625 -t.33** -5.2823-50,0000 -2*0635 -1.3365 -I .4̂ 961— 52 • 3 *>C0 -2.5659 -1.*327 -1-9*29— 3* *0 00 7 -*,1772 -I.3301 -2.9237-56.0000 -*♦9321 -t.6283 -3.1393-38.33C 3 -2.29*6 -1.6707 --1 .301 1-60 ,C 300 -3.6575 -I.7250 -I.9009-62.0 000 -6•3*95 -1.7771 -2.3521-6*.20CC -<.*722 -I.8333 -3.2593-66,000 0 -<•9256 -1.89*0 -2 .9137—68,3000 -7.*215 -1.9593 -2.7353-70.3000 -7.93*2 -2.030* -2.9539-72.3000 -8.5301 -2. 1070 -3 .*23*-7*.3 300 -9.1522 -2 . 1 900 -3.66*1-76 .DOwC -9.8276 -2 .2797 -*.6531-75*0300 -IC.55e0 -2.3760 -2 .*316-50.0000 - 1 1.3*9* -2.*823 -3.2659
-•*2.3203 - t 2.2073 -2.5968 -6.0333-2*.0 3 30 -12.137* -2.72?* -6 .3169-86,C300 - 1*.:*7? -2.85*9 -7.*079
- 3 8 3C? -It.1713 -2.99 13 -10.3320-9C.3 330 -1C.C795 -3.112* -e .6703-92.3003 -I 7•C39* -2 . 2*0* -7.553*-9*.3 30? -I 5.C52S -3 .3757 -7.9719
-96.0 DC 3 -19.1250 -2 .3156 -9.3527-98,0 00 0 -2C.2567 -2 .6695 -1C .5909
-i or.300 0 -2 I.*519 -3 .32*9 -1C .*5* 5
-102.0003 -2 1.71 AO -3 .9972 - 1C . 8 3 2 6-1 C* » 0 OC 3 -24.0*63 -*.17*9 - 1: .*713-I 36.3 DOC -25.96*5 -* .* 303 -15.5877-I 08.0303 -25.6769 -*.91S 3 -2C . 9 7 * a-11C.0 300 - 2 2 . 1695 -3 .256* -28 .*86*-112.3 03 3 -25.9973 -3.7567 -22 .2*16-I 1 *•3 0 C 3 -a C.<*95 -6 . 386* -39 .67*6-116.3000 — * 5.9959 -? .0936 — * * .8713-1 18.3 OCC -52-150* -7 .9136 -5*.6872
-120.: OC 3 -6 C•*C ** -9.0 t 33 -73.3257- : 22 .0-000 — 7 C.98 ? 2 - 10 .*2S* -C* .9615— 1 2*.3330 -82.6797 -12.11 96 -11*.373A-126-C300 —  95.? Ix>2 -13.5372 -121 -0370
co*e jsĵ se l0s3IaGnCSTi c S 
C 3 M D I . 5  T : M-
£ x e C u T * c *  2 2 6 * 2 3 1
object csoe* :?42a b^t* 
sĝ OCO a* t°°CPS*
e* 0 . 9 3  sec »c xec’jTi on
-0 .*0 26
1 .22*7 -0 .0327
18592 *3571 
-0.2119 




-0,2573 -0 ,C 207 
0.6500 1.0*37 0.5973 
-0.5206-0.JVsd-C.3*22 C.016S 
0.32** -0,361 * 
-0.1666 
-0,320* -0.1323 
2.4*15 I . t992 
—O .*766 -O .65** 
C .090* 
0.6*3* 
-0.2131 -C .603* 
-0 .7935 -1.1720 
2.6*69 






0 .20*3 0 .3759
- 2 
-3. 
- 9  
-1 2 
- 1 6  
- 1 9  
- 2 *  
- 2 9  
- 3 6  
—* 0  
— -* *. -*Q 
- 5 *  
- 6 0  -6 6 
-73. 
— 5 t 
- 3 9  
- 9 6
- 109. 
- 1 2 0  
- 1 3 2  -1*6 
-161 
- 1 7 7  
- 1 9 2  
- 2 0  3 
- 2 2 3  -2** 
- 2 6  3 
- 2 3 5  
- 3 0 8  
- 3 3 2  
- 3 6  6 
- * l  3
—  * 7  1 
- 5 3 6  
- 6 1  7 -710 
- 3 1  9 
- 9 6 3









► 3325 . 1039
► 21*9 
. 33t 3 .2739 
.*958 .2359 
. 53? 7 
.300 0 
. 1 *63
3658 .8*1 6 
.0539 
.310 7 . 7: *7 
.3896► *699 














S . A f t S A Y  A C E A -  
’ C . 25
2 3 9  % 3 7 S « C .
SC 1 6 57TS56 QYT5S 
.a p n j n CS* 0
12.2*.: *AT*iv - *AS
i
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\
Sample Ingot 39
MetaJ. theaistry - C 3.80 S. Si 2.50 £, C^E. fe.63 S,
Mn 0.80 *, Cr 0.12 *. Cu 0.10 H.
Ai 0.020 Mg 0.039 *, S 0.008 *.
* ( I 126.0 00 3 
2».0 30022.0000
20.0 300 I 0.0 30 316.0000 
1* .0303 12.0033
v ( I > 10 1.433* 
81.1235 
6 *.70** 
* 7.5996 21.6523 
21.1889 12.1513 7.2602




5 . 270(3 3.2*65 
1.6931 
C .6061 -0 .1629
C(000) -739.9163 *2.*999 
3*.3895 29.3977 2 2.0 776 
1 *.2680 
8.3115 2 .006*
c tevENi -C .23:c -0.2036 O.Ool* 
0 . 1561 0.22** 0.1307 
-0 .2622 
-0.3296
SU«<C< I 1 ) -29 3.838 6 







































2.638* *.387 1 
5. 159* 
6.1123 
7.176 1 3.2613 9.C 780 
9.331 * 10.52*2 
11.1395 
1 1 .663* 12.0830 
12.6929 
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- * 6 .aacc I •2*2 1 - C .7311-»a.o joo 1.3439 -0.7023-50.3300 2.2270 — 6.7C 32-32.3 OCO 2 . 20 1 7 -C.7C90- 3*.3OOO 2.238* -0.7138-36.0000 1.5171 -0.7330-38.3300 1 .36 1 a - r .700*-60.3000 1.252* -0.8338-62.0 JOO C.3*16 -0.9735-6*.33C0 C.6C0S -0.P1 ’.O-66.03C 0 3 . 26C 1 - o .0** 7-66.3 30 0 -C. 2367 -1.0523-70.3330 - 1. 23 6 7 -1.1618-72.3000 -2.0561 -1.2601- 7 * .OOOO -2.C762 -1.30*0-76 .0000 - 2.soes -1.*6*1-73.33C2 -«.26l3 - 1 .3-03-ao .aaoo -5.0675 -1 .6592-32 .3300 -e. 04,73 - 1 .7307-9*.3000 — 7.2136 -1 .051— d o .000 0 — C * 8756 -2.1377-da.3030 - 1 C.8*56 -2.*183— O C .2 000 -12.5633 -2 .6005-■32.0000 - 1 *.cooo -2.8*03-■;* .3300 -13.22*2 - 2 . C 1 * o-56.3300 -1«.70 6* -3 . 1076-58.3000 -15.222 3 -3.300*- 1 CC .3C0 0 - 15.9567 -3 .6226-102.3000 — 21.75** -2 .5607- t O * . 3300 -22.88 13 —* . 1530-1 06.3 30 C — 2 «- 25d* -*.*7*0-toa.3330 •-2 5.SOS 7 -*.83*3- t13.0000 -22.3100 -5.2369- 1 12.33C3 -25 .*C12 -3.687*-1 1 * . 3 30 0 -25.1020 -6 . 10 26-116.3000 — * 2.7670 -6.*021-1 18.3 33? -*5.7773 -7.6027-120.3000 -36.7332 -3.3207-122.3000 -62.01*7 -0.*S6*-t 2*.3 OC C -70.4*07 - 1C.3362-126.3300 -77.7035 - 1 1.32*5
sta7e h r s  execute;* 212*151 
cope jsage deject code* 1-1*2 * av
D I A G N O S T I C S  n u m OER CF £ c p o =S*
c o m p i l e  t i s j . a.aa s e c .f x f c j t :cn t i *i
C*EDF
C .3626 C .2276 15.310i-C .27*5 0 .5338 13.83760.0030 0.130 3 16.2883C .2031 -0 .0 1 62 16.666*C .063*. 0.0873 16.9677-0 .6006 —'’.2836 15.0106-C.023 0 -''.1033 I 2-780 7-0.8976 -0.1322 10.7212-C .060 3 -0 . 137 6 5.*8*0-I .27*7 -O .0326 3.830 2-I.5093 0 . 1837 3.00*0-2.62*6 7.*0 78 - 1.*207-3.2033 " 0.*079 -10.8*0 9-* .*52* 0. 16*0 -10.4130-5-331 * 0.219* -20.6*20-2.0093 -0 . 1363 -33.8338—2.6671 -0 .2006 -*3.6077-4.6673 -C . 1 072 -33.3376-6 * 0620 -C .0 757 -65.5127-7.4667 -0.3136 —5 1.1332—0.* 365 —0 . ** 33 -10 I .0*27-13.*387 C .723* -126.3132-13.3810 1 .2328 -13*.8113-7,00*0 -0.7387 -172.0968-e.732: -c .ast J -19 1.*336-10.5376 -0.2973 -213.0833-12.3051 0.175* -237.3*26- 1 *.3790 T . 776* -26*.3*03-15.7600 0.*018 -293.0876-17.*260 -0.2203 -330.3700— 10.7 ** 6 -C .316 1 -370.90 1 1-22.31** 0 .8692 -*16.7013-23.6*62 -0.363* -*68.81*3-20.8132 C .206* -327.8313-22.6860 0.1530 -39*.0160-20.0386 -0.6615 -676.I 160-5 I .3723 -I.7320 -782.3269-63.6638 1.370 1 -006.9036-6*..9133 - 1 . 1 29 2 -1 03 9.7950-61.3371 -1.13*7 -1163.7130-71.2000 0.8907 -1 30*.3370
T E S . a R o a y  a O £ a -  s c  1 6  B Y T E  3 Y T E S  
0. N J * 9 £ °  O F  o i P N I N C S *  I 0
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#■
Sample Ir.got i*C
Metal Chemistry - C 3-55 S. Si 2.70 *, C.£. ^ > 5  f.. 
Mn 0.75 *. —  0.12 £, Cu 0.12 Jt, 
A.1 0.020 *."Mg 0.033 f-’ S 0.010 •*.
i
-*6.3000 a .*0 26 -0.***6 -C .9*67 -0.202* 27.7235-*8.C300 2.6066 -0.5199 - 1 .09*2 -0.229* 25-0815-50.C 000 I.23*1 -0.5923 -12.3353 10.932* 22.27*7-52..0 000 2.700! -0.6569 -3.0060 -1.* 1 6* , 19— 297-5*.3000 2.1613 -0.7260 563.6101 -565.391 * | 16.2693-56.0300 I .5922 -0.7959 -1.5820 -0.2529 I 12.5999-58.0 300 1 .OCCO -0.8667 -2.*537 0.3716 3**35 5-60.0 300 C.*563 -0.9259 -2 .05*2 0.0173 *•3616—62.0003 -C.*10J - I .06 9 0 -3.2990 -0.2235 -2.6836-6*.3003 -2.*236 - 1 .3092 —5.6863 0.0*1* -I 7-9731-66.C 000 -■*. 5236 -1 .5600 -9.1633 -0.3937 -39.0872-66.0000 -5.120! -1 .7105 -*.7* 10 -0.3769 . — 9.3228-70.3300 - t - 7971 -I .8785 -5.9789 -0.713* -62.7075-72.0003 -  e. ** 5* -2.0959 -8.0976 -0.7165 -30.335*-7*.3300 -1 0.58*5 -2.3793 -11.65*9 -0.0388 I -103.7231-76.3303 - 12.2956 -2.7512 -17.1705 1.5*13 1 -13*.9802-78.0 300 - 1 5 . 66 ! 2 -3.0520 -I*.3100 1.2*71 -lo2.1057-80.0303 -I5.C361 -3.37*3 -15 .*318 0.*65* -192.138*-62.3303 -20.9633 -3.7569 - 19.I 33 7 I .00** —223.*072-6*.OOOO — 2 *.36 75 -*.212* -19.7*51 -2.2189 | -272.3350-86.3000 • -2e.*7«* -*.756* -25.9083 -0.7723 1 -325.0970-66 .3000 -32.*55* -5.*193 -22 .6205 *•3175 ! -391.7029-90.0000 -29.*623 -6.2192 — *2 .5752 2.0790 1 -*72.701*-92.0300 - «  6 .729 * -7.1866 —*9.09* 7 -0.7030 1 -572.3066-9*.3 00 0 -55.1*20 -6. 30 72 -59.8096 0 .<3720 -o9 0.1819-96.0003 -62.3782 -9.*0*5 -61 .9332 1 .3870 -310.2739-98.0000 -72.00•* - 10.6875 -70.2296 - 1 .10 7 1 -952.9673
STATEMENTS 2 x e c l t e c * i6 1903 1 1
COPE JSACE OBJECT COOE* I75*e 8 T T E S . A C C A Y  * S £ A » *008 BYTE: BYTES
01 AGNOSTICS Nu«oe° 08 e p o q c s * 0. MJM3S9 Cl* •  i O M N i S * 0
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X { I J T(  I ) B< I I Cl  C301 cteveist
* 0 . 0 0 0 0 6 6 . 0 3 7 3 7 . 7 3 1 * - 6 0 8 . 8 7 1 1 C . 1966
3 8 . 0  00 0 3 C. 0 3 3 0 3 . 5 9 6 8 * 7 . 1 3 * 6 C. Oil 39
3 0 . 0 0 0 0 3 e . 2**6 « . 0 1 3 0 22 . 9192 0 .-01 * 5
3 * . OOOO 2 < ; . * i  10 2 . 3 3 3 3 2 2 . 9 9 1  1 ‘ - 0 . 0 3 5 *
3 2 . 0 0 0 0 2 1 . 7 7 6 * I . 930  « 1 4 . 0 1 3 3 . - 0 . 1  * * 0
3 0 . 0 0 0 0 1 0 . 1 1 6 * 1 . * 6 0 6 3 . 1 3 0 3 0 . 0 3 9 7
2 8 . 0 0 0 0 1 6 . 1 * 1 8  • 2 . 3 2 6 3 2 . 0 6 0 0 0 .  25 1 3
2 4 . 0  00 0 1 7 . 1 3 6 9 1 . 1 9 0 9 I . 7 2 * * 0 . 3 3 7 7
2 * . OOOO 1 3 . 9 9  96 1 . 0 3 1 3 1 . 8 2 3 * 0 . 2 * 1 6
2 2 . 0 0 0 0 1«» 2 2 * * 0 . 7901 2 . 3 3 * 3 0 . 0 9  20
2 0 . 0  000 1 2 . 3 6 6 9 0 . 53 7 7 2 . * 2 0 9 - 0 .  1772
1 3 . 0 0 0 0 I C. 7132 0 . 3 1 1 8 7 . 8 6 * 6 - 6 . 3 6 3 7
1 6 . 0 0 0 0 ( . 9 6 2 6 0 . 0 7 3 2 - 0 . * 8 3 * 1 . 5 6 8 9
I* .OOOO 6 . 0 7 3 6 - 0 . 3 0 7 * - 2 . 6 2 0 1 - 0 . 0 9 * 7
1 2 . 0 0 0 0 * w2 6 5 * - 0 . 5 * 3 3 - 2 . 5 5 6 9  • 0 . 2 7 * *
1 0 . 0 0 0 0 2 .  i 3 e a - 0  . 6 8 8 3 - 1 . 3 1 3 0 - 0  .0  132s.oooo I . 2 9 C 8 - 0 . 7 8 3 9 —C . 7  819 - 0 . 0 * 6 9
6 . 0  00 0 1 . 9 1 6 3 - 0 . 8 * 6  7 - 0 . 3 3 1 0 0 . 0 3 6 3
* . 3 0 0 0 3 i *« - 0 . 8 9 6 * - 9 . * 8 3 6 r«. 1 123
2 . 0 0 0 0 ! . 1 0 9 3 - 0 . 9 0 2 6 0 . 0 8 2 9 - 0  . 3 6 1 3
0 . 0 0 0 0 1.OOOO -  2 . 3 8 3 6 0 . 0 7 2 9 - 9 . 5 5 3 *
- 2 . 0 0 0 0 ! . 1 * 7 0 - 0 . 9 1 3 3 C.3SC3 r>. 1383
—* . 0 0 0  0 I - 2939 - 0 . 8 8 9 6 C . 1190 0 . 0 8 7 *
- 6 . 0 0 0 0 1 . * *  6 * - 0 . 8 6 6 7 1 . 0 0 9 3 - 0 . 7 7 3 0-a.oooo 1 . 6 *  1 3 - 0 . 8 * 1 2 0 .1032 0 . 1 9 3 0- i o .o o o o 1 .3 6 1 9 - ' ’ . 8 1 1 9 0 . 1 2 2 3 o'. 2 * 5 *
- 1 2 . 0 0 0 0 2 . 1 3 9 2 - 0 . 7 7 6 1 - C . 0 6 *  3 9 . 5 3 7 C
- 1 * . C 3 0 Q 2 . 3 0 6 3 - 0 . 7 2 9 2 0 . 0 6 7 6 0 . So*1
- 1 6  . 0 0 0 0 2 . 9 6 * * - 0 . 6 7 0 2 0 . 3 1 1 3 0 . 3 1 * «
- 1 3 . 0 0 0 0 2 . 3 3 7 3 - 0 . 3 9 3 8 C * 9 6 8 * 0 . 0 9 9  2
- 2 0 . 0  OOO * . 2 6 0 1 - 0 . 5 0 1 3 2 - 3 3 0 * - 0 . 8 8 9 9
- 2 2 . 0 0 0 0 . 6 . 1 7 7 0 —C . 3 6 1 2 1 . 3 0 8 3 0 . 6 1 1 1
- 2 * . 3 0 0 0 6 . 6 6 8 6 - 0 . 3 1 3 * 1 . 6 3 0 9 - 0 . 1 3 2 8
- 2 6 . O O O O ' 3 . 9 6 * 2 - 0 . 2 6 8 1 0 . 6 * 7 3 0 .oS*8
- 2 3 . 0 0 0 0 6 . 2 3 0 1 - 0 . 2 3 2 1 - 2 . 3 * 7 3 3 . 3 0  38
- 3 0 . 0 0 0 0 6 - 1 9 6 6 - 0 . 2 0 6 7 1 . 0 0 6 2 C• 1 56C
- 3 2 . 0 0 0 0 < • * 6 3 3 - 0 . 1 9 * 2 C . 9232 0 . 0 7 0 2
- 3 * . 0 3 0 0 6 . * 2 2 3 - 0  . 1966 0 . 6 9 1 9 0 . 0 6 9 2
- 3 6 . 0 0 0 0 6 . 2 6 7 2 - 0 . 2 1  13. 0 • * 1 3 0 0 . 1 1 6 3
- 3 8 . 0 0 0 0 6 . C662 - 0 . 2 3 7 3 0 . 1 9 2 6 C .0831
- * 0 . 0 0 0 0 6 . 7 6 8 6 - 0  . 2 7 3 6 C . 0037 0 . 0 3 8 7
- * 2 . 0 0 0 0 3.*0 66 - 0 . 3 1 8 * - 0  . 1280 -O.llv*-**.0000 * . 0 9 * 2 - 0 . 3 6 9 9 - 0 . 3 1 * 3 - 0 . 1 7 7 2
.SUH tC
-264




4.3. 2. 1 * C« 




1 2#1 3.;a.2 t * 24.
2 » • 23. 2*.30.
31. 
31.





163 5 3*45 0 
421 4
71 33 071 4 4500 
4573 6234 






00 63 034a 
3970 8604 
4656 201 2 
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Saapla Irjgox U-i
Metal CIteiaistry - C 3-76 H. Si Z.60 t, C.S. H-.63 %, 
Mn 0.76 Cr Q.l 1* H, Cu 0.10 
Al 0.018 *, Mg 0.025 S 0.011 H.
< (n v< r 1 X > } c < coo> C IFvC.n )25*2 730 trj.272* x 12.6*23 -*33.1772 -0 * I 7 C 22**3 000 1C.0323 *2.976* -0.112222.0000 *3.2367 7.6962 2*.397^ ''.213320 *:30c *£.22C3 5.395* 29.3333 - * 166 7to.oooc 3«.03J2 3.*336 2 1.02*6 2 .229*16.0000 22. 6993 2.0323 13.3637 0 . 1156l*.30C0 : e.15*3 1.0103 6.*533 -0.*57912 .OOOO lC.7567 7.2772 *.2313 -0 . 0-70I 0.0 300 7. ISC5 -0.2072 -1 .0069 0•* 26 70.0 3C3 *.6037 -C .3236 -2 .*6*5 : . 19^56.0300 2.227? -0 -7* 19 -1.**:5 0.131c*.OOOO 1 .9*00 -0.3923 -7 .7 4 7* -•■*.3 06 52.0 00C 1.13 0 2 -C .9221 -o.2t©* -0.13150*0700 l.COCO -1.3336 -C.*305 -C.31**-2.0 700 1 .2392 -0.9*71 -0.3261 * .*3*1 3—A.OOOO 1.39 52 -0.3972 C .1251 0.1363-6.0 0CO 1 .50 93 -0 .6*72 C .236* 0-0663-8.0 300 2.23 1 I -0*7373 -7.58** - . 330*
-1C.33C3 2.9263 -0.71*3 7-5237 * . 1660- 12.3C03 2.631 1 -0.6 1** C .92*5 ''.3516-14.C330 4.2227 -0.5217 **.3729 ~ .2*6*- 16.00C0 «.9C7l -^.*291 I .267 2 ’ ~ ' -0 .053''-13.3000 *.*370 -0.3612 C .*9*0 0 »*210-20.3000 3.9**9 -0.2915 1 .02*5 0.3*29-22.3 333 t .2**5 -C.2336 I.260: r . i: 7 b-2*.3030 6.6627 -0 . 160 7 1.3311 -C . 0277-26.OOOO 7.150* -o.;i35 I .3027 . 10 99
-23.: 10c 7.37 13 -0 .039* 5 .8332 —  .11-30.0 30 C 7.5C99 -0.0 i 12 - \ 1 . 9 * C* 3 12.63*6-32.0300 *.1523 0.02*3 3.8631 -2.29 1 C
-3*.C 3^0 5.2919 0.0*58 1 .9 296 -C .53Co-36.0 300 £.2*55 0.0560 C.8329 0.3997
-33.0 300 e.39*3 0.09 13 1 .2899 7 •-312-*0.0 303 *.7637 r . v us© 1 .-67; *•1*77-«2.0 3C0 £.3622 0 . 1 3 t * 2.06V! -7.0370-**.3 OC 0 £.37** 7.13 52 -C .5252 :. 7v-b-*6.C 3C0 f . 3C * 1 :.iz*** r .^5“ ; -.9150-♦3.07C0 £.6755 3.1129 :*8*:3 -C.02 16— 50.3300 £.5229 0.13*0 *2 .8330 -*2*1858-52.0003 e.927* :. t*5* 2 .558© -1.7*5.-— 5—* 3 30 0 3.966* ?.i559 1 . 17*o 0 .1792
S J-* ( C I I I I -2-5 r .3*25 -21 1 . t *56e 
-t«-2.*23 I -* 2 .3?« 1 
-J-a.'ilSA
- 12 .6 srs2 . 2 0 7  1 1 «. 7*05
: ?. 5.3* 9
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STATEMENTS i<6Cl.l!0« 23*2516
cone JSAGE OBJECT CODE* S’TIc.jcojv j:;i. *?16 1 rT=l ovi;s
DIAGNOSTICS nurses OE Ee-5C = S« *. NJ^IEJ ZF -A5N;.MOS» 2
co«oiu£ tim-;» i.co sec .eaecut: on ti*e» 2 7 2 ,7* v - -.»»
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Sample Ingot -̂2 '
MetaJ. Chemistry - C 3.63 $ % Si 2.7^ C.Z. 4.59 *.
\
Mr o.7Q Cr 0.12 Cu 0.13 36,
\ Al 0.020 * , Mg 0.050 S 0.007
x ( : ) Yf I ) o < I > c(ooo) ’ '"Ciev^Ni sum(c( : >  >20.3030 7 3.2066 9.0632 —5 C 7 .6799 IC'0387 - 156.2*29Id.3330 5 : .6*9 7 6.3*61 22.0913 *2.0360 -92.*IX *16.0000 3 9.*538 ♦ .2300 2 2.1*65 9.1730 -*7.772*1*0000 2C.70TS 2.4480 15.5258 9.2166 -16.287812.3000 1 7. 5793 I. 1*69 5.9*26 -0.1973 1 .202510.0000 15.*732 0.56 1 * 3.2362 -9.0639 7.6*32a.3 300 13.7536 . 9.2*96 0.6321 9.0761 9.0593
6 .0 303 e.*c*6 -9 .384* -C .571 1 2.0*70 3.0 1 I 04.000? 7.50a 1 -0.116* -1.1535 ♦.125* 5.95502.3033 1. 7C*5 -0 .*674 -2.I3C1 0.0720 I.7333A.occo 1.0000 -1*3536 -5.6321 *.7637 0.0058-2 *3 300 4•*C59 -0 *5721 I .9062 -9.*393 2*939*-* .3033 4.325 1 -0 .6013 r.3638 0.106* 3.8 79 5-6.3003 1.c: 13 -0.3**3 9.5972 -0*0153 5.0*3*-a.3300 a. 9*9a -C *5116 C.*2*9 C . 1559 6.20 51- 10.3 OC3 3.2567 -9 .4J-1 I.13* 7 -C.2*6 I 3.9523- 12 .0003 f . 1722 -3.4 350 0.3269 9.1938 9 . 1 220— 1 *.0 30 0 4.2750 -0.5155 9.0660 -'■'.1476 8.9533-16.0009 2. 20 93 -? .6*21 -9.4763 -n •20 7 2 7.59 13-13.0000 2. 3668 -0 .7639 -0*7299 -9.2257 5.67* 1-20.3300 1.6X96 -0.3079 -C.2S99 -0.9353 5.C237-22.3333 t.2**l -0.3*33 22.2713 -22.6012 4.36*3-2* .3 300 C. 979C -9 .3656 -0.1658 -0.0803 3.3 31 9-26.0000 C. *7«3 - C *3657 C ♦1329 • -9.0013 *.9923-26 • 3 3C 3 C.S79Q -C .5687 C .9*21 9.0366 *.3537-30.0003 C.873 I -9.3776 -9.0623 0.0X12 4.2520-32.0 000 C.2*83 -0 . 99*9 -9.59*4 ** • 0C6* 3.2563-3*.3033 C.238a -9.*237 -9.7616 9.1923 2.1186-36.3 300 C . C C 0 3 -1 .3900 -0.5867 -C.1229 0.699 3-38.C 330 - C . 4.727 -1.0326 -I .8710 9*6735 - 1.6883
—  *0 .3300 -C.9777 - 1 . t 3?* -1 . * 9 3 6  Z .9602 -4.5150-♦2.3003 - i.*CC5 -I . 1767 -1.0*43 -9.2693 -7.1*21
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S.iRHAf AREA* 30 16 SrTES 8YTCS
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Samplo Ingot fc.3
M«t*l Choniatry - C 3-50 %. Si 2 70 2, C.z. ii.40 *, 
Mn 0.59 K, Cr 0.:3 S. Cu 0.1̂ - *,
A1 0.020 %, Mg 0.0^9 s. s 0 . 0 1 0 %.
Kill 
4 4 * 0 0 0 0  ♦2.0C0C *0.3303 
0 5 . 3 0 0 J 
3 6 . 0 0 0 0  
3 * . 3 0 0 0  
32 .0 0 0 0
30 .3000
23.0000 26 . 0 OC 0 2*.OOOO
22.0 300 2C.0000 
15 .003 316.030014.0 000 IZ « 3 00 0
10.0300 
6.23C0
6.3 300 *.0 00 3
2.3 303 
0.0303




- 10.3 OC 0 -12.0000 
-14.0 300
— 16.3 03 C 
-18.0300 
- 2 0 . 0 0 0 0  
-22.3 300
- 2* . ; > o o r
Y ( I I 
9 C » 82 76 6 0.6*40 38.*966 
4 7.1029
4 1 .6006 2 5.5987
23.7275
9(1) 9 . 7 0 6 7  7.94*7 8.4547




4 6 . 1 0 5 4  
3 6 . 6 0 1 5  29.1195 17.4433 10.3484 
9 . 0 3 7 9
/
CICVCNI
- 0 . 3 9 * 1-o.*a*a
0 - 0 3 3 *
Z • 1007 
- 0 . 0 * 6 1  - 0 - 0 6 7 2  
" • 1 6 0 9
24.i9*3 3.3182 «.6269 3.1306 I32.2262 3.3313 *.3350 -0.0*332:. 1222 3 .m o *.1209 0•*32*2C«89C0 3-0 120 3.6709 0.3189 !29.1303 2.7703 *-6339 -C.11312 e.2*32 r .39 * 9 6-07*3 -0.302*22.8563 1.9226 3.*39* 0.133*1?.fi464 1.217* 6.299 3 0.133612.0779 * 0.3983 *.2691 0.13138.9634 0.0*33 *.696* -2.1129 18 * 1882 -0.3320 -1.7303 -0.699 1 ;4.2367 -0 .3921 -1.6913 -C -20 37 ■2.9211 —0.7706 - 10.*97* 9.36361.9281 -0 -«92o -0 .1*2* -0 .33931.1784 -O .9216 -0.1163 -0-277 61.ccoo -1.3636 -01 1 126 -O.33 20C.9365 -O.8500 0.3336 0-1193 jC.93 65 -0 .3613 2.1333 -2.CC99 1C.9363 -0.6630 • 0.0679 0.0601 1C.9549 -0.3669 0.1278 -o.ooti !C.951 I -•* . *682 <- .0*23 0.0823C.9473 -0.8692 0.3000 -0.1762C. 94 4 4 -0.87go 0.38*0 -0.2603 .C•94 82 -0.87*2 -C .2*67 C .37670.9320 -0-8703 C.0666 0.06**C.9538 -0.8703 0.0738 0 .0362C.9353 - C .3703 - C .2373 C .*0 80C.9530 -0 .«7r>7 0.060* 0.0637
Su*» ( C  ( I ) ) 
- 3 7 8 . 0 0 1 7  
- 2 8 6 . 7 8 0 3  
— 21 3 . * 3 1  O 
- 1 3 3 . 0 1 1 O 
- 1 2 0 . 2 1 6 9  
- 9 9 . 6 5 * 7  
-61 . 2 3 7 5
-71. 
-6 1. 
- 32.  
— * *. 
- 3 3 .  
















3 0 2 9  
683 6 
5 3 6 5  
i 3 7 7  
C 7C 4 
9 2 6 6  7775 
091 9 
5 931  
0 5 9 9  
200 7 4ino 
1473 
7 3 3 6  
9 9 5 7  
0 0 5 3  
. 9 2 2 2  
• 2 0 3  5 .46*6
.7 1 5 1  
. 9 6 7 *  
. 2 1 4 6  
.461 7 .721 7 
. 9 8 3 5  
. 2 * 7 3  
. 3 0 2 7  
- 7 3 3 0
C86
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
1
c ¥
- 2 6  .0 00 0 C •95 *2 - 0 . 3 7 1 0 9.0810 9 . 0 * * ®
- 2 8 . 0 C 3 0 C . 95 * 1 -0 .871 I C .073* ? .0537
- 3 0 .000 0 C. 9 5 * 9 -0 .8711 1.3773 - 1 . 7*8*
- 3 2 • O O O O C . 9 5 5 7 - 0 . 8 7 1 2 9 . 0 * 3 6 * . 0 8 3 3
- 3 * . 0 0 0 0 C . 9 1 79 ' -C .8751 • C.0 868 -0 . 0 * 5 2
- 3 6 . 0 0 0 0 C . 3 e 2 3 -0 .9231 -1 .1190 -0 . 0 8 * 6
- 3 8 . 0 0 0 0 - C . 2 1 8 3 -I .0721 -1 .0*70 - 0 . 6 2 7 9
- * 0 . 0 0 0 0 - 1.2333 -1 1592 - 2 . 1501 - 0 . 3 1 C 3
- * 2 . 0  00 0 - S . 0 1 3 5 -t .2519 -3 .39*8 I .0*32
- * * . 0  00 0 - 2 . 9 5 2 6 -1 . 3 8 3 9 — 2 .512* 0 .*958
- * 6 . 0 0 0 0 - 2  . 7097 - I . *637 - 2 . 6 5 1 7 -C .0577
- * 8 . 0  300 -« .2236 - 1 .5*70 -1 .3708 - 0 . 6 2 5 3
- 5 0 . 0 0 0 0  ' - 5 . 1 0 9 1 - 1 . 6 * 3 0 " - 2 . 3 3 5 2  * ' - 0 . 3 1 8 * '
- 5 2 . 0 0 0 0 - C . C 7 C * - 1 . 7 7 * 0 t. ® 3 1 * - 5 . 9 6 1 9
- 5 * . 3  000 - 7 . 2 7 2 2 - I .9321 - 1 0 . 1 2 0 6 * • 9 8 8 5
- 5 6 . 0 0 0 0 - e . 7 8 *  1 - 2 . 1 3 1 * - 5 . 7 0 1 7 - 0 . 9 0 7 7
- 5 8 . 0 0 0 0 - 1*0 69 6 t - 2  .33** - 7 . 3 6 3 3 -4 .2027
— 6 C •C 300 - 1 2 . 137: -2 .707* - 1 9 . 2 1 8 3 -0 . 9 5 6 6
- 8 2 . 3  300 -1 5 . 3 7 0 * - 3 . 0 0 3 8 - 1 0 . 1 * 3 * - 0 . 8 3 1 3
- 6 * . 0  300 -I 7 . 3 2 3 * - 3 . 2 6 3 ® — ® •73® -C .6273
- 66 - 3 00 0 - 1 9 . 5 6 7 5 - 3 . 3 6 2 3 -11 .1268 - 1 .0**3
- 6 6 . 0 0 0 0 - 2 3 . 1 * * 0 - 3 . 9 0 5 2 - 2 1 . 3 2 * 2 7 .5*26
- 7 0 . 3 0 0 0 - 2 5 . 1 0 5 9 - * . 2 9 9 8 - 1 7 . 5 7 6 9 C .79 50
- 7 2 . 3 0 0 0 - 2 5 . 5 2 7 1 - * . 7 3 * 9 - 1 9 . 1 7 * 2 - 0 . 5 7 2 9
- 7 * . o o o o - 3 2 . * 7 * 7 - 3 . 2 8 0 6 -23.2321 -2.0 168
- 7 6 . 0  >00 - 3 5 . 6 8 2 2 - 5  .8*1? - 2 * . 9 9 ? 3 -<? . 6*07
- 7 8 . C O C O -* 1.3697 -6 .*635 - 2 8 . 9 3 7 5 - 0 . 3 1 7 6
- 6 0 - 0 3 0 0 — * 6 . 7 1 7 * - 7 . 1 7 7 ® - 2 2 . * 3 0 9 - 1 . 5 7 2 ®
- 8 2 . 0 0 0 0 - 5 2 . 5 2 3 1 - 7 . 9 9 1 7 - A  I .21*6 1.6120
S T A T C m S n T S  t x e c u T e o *  12 5 3 3 3 7
C 0 ® £  j S a GE O B J E C T c o o e -  i 8 * o o 3 Y TES . AT 8016- 8YT1
0 1 A G N O S T I C S n u m B C ®  C P  5®«90°5<* ? • MJMfiCP CP • A P N I N C S *  1
2.
- ?  , 
-5. “I 9. 
- 1 6 . -2 2. -2 t, 
-33. -**1. -6 1. -6** -a i. -to*. 
- 12 6 .
-171 .-190,
-2 3 3 .  
-273. -31 9. 
-370. -*29. 
-*97. -57ft,
. 9 0 6 6
• 260 7 
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. 776* 
. 8 3 9 6




•6 1 * 6  
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5 1 2 7  
0 0 6 8  
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330 1 
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